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ELECTRODES LINKED VIA CONDUCTIVE OLIGOMERS 
TO NUCLEIC ACIDS 

FIELD OF THE INVENTION 

The invention relates to nucleic adds covalently coupled to electrodes via conductive oligomers. More 
particularly, the invention is directed to the site-selective modification of nucleic acids with electron 
transfer moieties and electrodes to produce a nev>r class of biomaterials. and to methods of making 
and using them. 

BACKGROUND OF THE INVENTION 

The detection of specific nucleic acids is an important tool for diagnostic medicine and molecular 
biology research. Gene probe assays currently play roles in identifying infectious organisms such as 
bacteria and viruses, in probing the expression of nomial genes and identifying mutant genes such as 
oncogenes, in typing tissue for compatibility preceding tissue transplantation, in matching tissue or 
blood samples for forensic medicine, and for exploring homology among genes from different species. 

Ideally, a gene probe assay should be sensitive, specific and easily automatable (for a reviev.. see 
Nickerson. Current Opinton in Biotechnology 4:48-51 (1993)). The requirement for sensitivity (i.e. low 
detection limits) has been greatly alleviated by the development of the polymerase chain reaction 
(PCR) and other amplificatton technologies which altow researchers to amplify exponentially a specific 
nucleic acid sequence before analysis (for a review, see Abramson et al.. Current Opinion in 
Biotechnology. 4:41-47 (1993)). 

Specificity, in contrast remains a problem in many currently available gene probe assays. The extent 
of molecular complementarity between probe and target defines the specificity of the interaction, 
variations in the concentrations of probes, of targets and of salts in the hybridization medium, in the 
reaction temperature, and in the length of the probe may alter or influence the specificity of the 
probe/target interaction. 

It may be possible under some limited circumstances to distinguish targets with perfect 
complementarity from targets with mismatches, although this is generally very difficult using traditional 
technology, since small variations in the reaction condittons will alter the hybridization. New 
experimental techniques for mismatch detection with standard probes include ONA ligation assays 



wo 98/20162 

-2- 



PCTnJS97/200l4 * 



where single point mismatches prevent ligation and probe digestion assays in which nriismatches 
create sites for probe cleavage. 

Finally, the automation of gene probe assays remains an area in which current technologies are 
lacking. Such assays generally rely on the hybridization of a labelled probe to a target sequence 
followed by the separation of the unhybridized free probe. This separation is generally achieved by gel 
electrophoresis or solid phase capture and washing of the target DNA. and is generally quite difficult to 
automate easily. 

The time consuming nature of these separation steps has led to two distinct avenues of development 
One involves the development of high-speed, high-throughput automatable electrophoretic and other 
separation techniques. The other involves the development of non-separation homogeneous gene 
probe assays. 

PCT applications WO 95/1 5971 . PCT/US96/09769 and PCT/US97/09739 describe novel compositions 
comprising nucleic adds containing electron transfer moieties, including electrodes, which allow for 
novel detection methods of nucleic acid hybridization. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide for improved compositions and methods for the 
detection of nucleic adds. 

In one aspect the invention provides compositions comprising <a) a first electron transfer moiety 
comprising an electrode; (b) a first single stranded nucleic add; (c) a second electron transfer moiety 
covalently attached to the first nucleic add; and (d) a conductive oligonr»er covalently attached to both 
the electrode and the first nucleic add. 

In an additional aspect the invention provides compositions comprising (a) a first electron transfer 
moiety comprising an electrode: (b) a first single stranded nucleic acid; (c) a conductive oligomer 
covalently attached to both the electrode and the first nudeic add; and (d) a second electron transfer 
moiety covalently attached to a second single stranded nudeic acid. 



In one aspect the conductive oligomer has the formula: 
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wherein 

Y is an aromatic group; 

n is an integer from 1 to 50; 

g is either 1 or zero; 

e is an integer from zero to 10;and 

m is zero or 1 ; 

wherein when g is 1. B-D is a conjugated bond; and 



wherein when g is zero, e is 1 and D is preferably carbonyl or a heteroatom moiety, 
heteroatom is selected from oxygen, sulfur, nitrogen, silicon or phosphorus. 

m an additional aspect, the conductive oligomer has the formula: 



wherein 

n is an integer from 1 to 50; 

misOorl; 

C is carbon; 

J is carbonyl or a heteroatom moeity, wherein the heteroatom is selected from the group consisting oi 

oxygen, nitrogen, silicon, phosphorus, sulfur; and 

G is a bond selected from alkane. alkene or acetylene. 

In a further aspect, the invention provides methods of detecting a target sequence in a nucleic acid 
sample. The method comprises applying a first input signal to a hybridization complex and detecting 
electron transfer. The hybridization complex comprises the target sequence, if present, and at least i 
first probe nucleic add. The probe nucleic acid comprises a a covalently attached conductive 
oligomer. The conductive oligomer is also covalently attached to a first electron transfer moiety 
comprising an electrode. In addition, the hybridization complex has a covalently attached second 
electron transfer moiety. 




In one aspect, the conductive oligomer has the formula; 
or 
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,n one aspect, the first input signal comprises an AC conaponent and a non-zero DC component. 

,n an additional aspect, the first input signal comprises an AC component at a first frequency and a 
non-zero DC component, and the method further comprises applying a second Input signal compns.ng 
an AC component at at least a second frequency and a non-zero DC component. 

in a further aspect, the first input signal comprises an AC component and a first non-zero DC 
component and the method further comprises applying a second input signal comprising an AC 
component and a second non-zero DC component 

,n an additional aspect the first input signal comprises an AC component at a fist voltage amplitude 
and the method further comprises applying a second input signal comprising an AC component at a 
second voltage amplitude. 

,„ an addmooa, aspect, me provides a««KKte ot m*ng «e compo»tlons o.>h.in««l^ 

yr. me«,odscon^ a«ac«„H, . condu=«« CK^r » a «^ aod. and ^ conducts. 

oliDomer to said elecWJde. These staps ma, b. done in any 0<d«. 

,„ a a-nhe, aspect .he .n«n.ion pn«id.. co,hposi«ns a =nduc..e co«ue„«, 

a«ached » a nucwsida, When* said conduc«v. o^,on»r has m. *xn>ula: is selected ^ 



group consisting of: 



or 



wherein 

n is an integer from 1 to 50; 
m is 0 or 1; 
C is carbon; 
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J is carbonyl or a heteroatom nnoeity. wherein the heteroatom is selected from the group consisting of 
oxygen, nitrogen, silicon, phosphorus, sulfur; and 

G is a bond selected from alkane. alkene or acetylene, wherein if m = 0. at least one G is not alkane. 

5 In an additional aspect the invention provides compositions comprising (a) a solid support comprising 
a monolayer of passivation agent; (b) a nucleic acid comprising at least one nucleoside, wherein said 
nucleic acid is covalently attached to said solid support with a linker selected from the group selected 
from: 

wherein 

15 n is an integer from 1 to 50; 
m is 0 or 1; 
C is carbon; 

J is carbonyl or a heteroatom moeity. wherein the heteroatom is selected from the group consisting of 
oxygen, nitrogen, silicon, phosphorus, sulfur; and 
20 G is a bond selected from alkane, alkene or acetylene, wherein if m = 0. at least one G is not alkane. 

In an additional aspect the invention provides compositions comprising (a) an electrode; (b) at least 
one metallocene; and (c) a conductive oligomer covalently attached to both said electrode and said 
metallocene. wherein said conductive oligomer is selected from the group consisting of: 

30 

In a further aspect the invention provides peptide nucleic acids with at least one chemical substituent 
covalently attached to the a-carbon of a subunit of the peptide nucleic acki. 



35 



In an additional aspect, the invention provides peptide nucleic ackls with at least one chemical 
substituent covalently attached to an internal subunit of the peptide nucleic acid. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the synthetic scheme for a conductive oligomer covalenUy attached to a uridine 
nucleoside via an amide bond. 

Figure 2 depicts the synthetic scheme for covalently attaching a conductive oligomer covalently 
attached to a uridine nucleoside via an amine bond. 

Figure 3 depicts the synthetic scheme for a conductive oligomer covalently attached to a uridine 
nucleoside via the base. 

F»u«, 4 d«.l«s me s„«h«i= scheme for a co.^e oligomer covatenUy 3«acned to a nudeosld. 
Via , Phosp-ate of m nbose-phosphate ba=iUxx«. The conducive oligomer is a phe^yi^acefyiene 
S«^e 5 oligomer, aimoug- other oligomers ma, be used, and tem-i-ates in an ethyl pynd^e 
protecting group, as descnbed herein, fbr attachment to gold electnjdes. 

Figure 5 depicts the synthetic scheme for a conductive oligomer covatently attached to a huc|e«lde 
Via a Phosphate of the ribose-phoephate bacKbo... using an amide Hhkaga and an ethylene l,*.r. 
although other linKers may be used. The conductive o»gomer is . phenyl^len. Structure 5 
oi^omer. a«hough other ol^cme.. may be used, and t«m.na,es in an ethyl pyridine protecting group, 
as described heiein. for attachment to gold electrodes. 

Figure 6 depicts the «mth«ic «^ lor a conductl.. po^mer containing an aromatic group with a 
atletnuton g^up. The co.^ o.igom« is a pheny..ac«yl«» St^cture 5 oligomer w»h a s.ng^ 
™,hyl R group on each ph»„l r^. -though other o«gome^ ma, be used, and termtnates . an ethyl 
pyhdlne protecting group, as described herein, (or atlachm«,t to gold eleetrades. 

Figure 7 depicts «mth«lc scheme for the s,n»,esis of a metallocene. in this case ferro^ne iinK^i 
^aconduc^veoilgomertoan electrode. The conducive .ligomer^aphen„^cl,len.StnK,ur.S 

o«,omer. enough other oligomers may be used, and t^minetes in an ed^l pyridin. protecdng group, 
as described herein, for atBchment to gold electrodea. 

Figute 8 depicts a model compound, ferrocene attained to a C. alKan. mol«iUte (lnsul,lor-1). at 2M 
mv AC ampHtude and frequencies of 1 . 5 and ,00 Hz. The sample ...ponds at a. three .re,^c«. 
with higher currents resulting from higher frequencies. 



* 
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Figures 9A and 9B depict the response with varying frequency. Figure 9A shows overlaid 
voltammograms of an electrode coated with a ferrocene-conductive oligomer model complex (wire-2). 
Four excitation frequencies were applied, 10 Hz. 100 Hz, 1 kHz and 10 kHz. all at 25 mV 
overpotential. Again, current increases with frequency. Figure 9B shows overlaid voltammograms of 
5 electrodes coated with either ssDNA or dsDNA. ssDNA was ain at 1 Hz and 10 Hz at 100 mV 

overpotential (bottom two lines). dsDNA was run at 1. 10, 50 and 100 Hz at 10 mV overpotential (top 
four lines). Note that the scales between Figure 8 and Figures 9A and 9B are different. 

Figure 10 depicts the frequency response of these systems. The peak currents at a number of 
10 frequencies are detemiined and plotted. Sample 3 (filled triangles) responds to increasing frequencies 
through 10 kHz (system limit), while samples 1 (open circles) and 2 (filled circles) lose their responses 
at between 20 and 200 Hz. This data was not normalized to the increase in current associated with 
increasing frequency. 

1 5 Figure 1 1 depicts the frequency responses of ssDNA (open circles; sample 5) and dsDNA (filled 

circles; sample 6) at 25 mV overpotential. The current has been normalized. Thecun/es are not a fit 
to the data; rather, these are models of RC circuits, illustrating that the data can be fit to such curves, 
and that the system is in feet mimic standard RC circuits. The top curve was modeled using a 500 
ohm resistor and a 0.001 farad capacitor. The bottom curve was modeled using a 20 ohm resistor and 

20 a 0.002 ferad capacitor. 

Figure 12 shows that increasing the overpotential will increase the output cunrent. 

Figures 13A and 138 illustrate that the overpotential and frequency can be tuned to increase the 
25 selectivity and sensitivity, using Sample 1. 

Figure 14 shows that ferrocene added to the solution (Sample 7; open circles) has a frequency 
response related to diffusion that is easily distinguishable from attached ferrocene (Sample 3; filled 
circles). 

30 

Figures 15A and 158 shows the phase shift that results with different samples. Figure 15A uses two 
experiments of Sample 1, Sample 3 and Sample 4. Figure 158 uses Sample 5 and Sample 6. 

Figure 16 depicts the synthetic scheme for a conductive otigomer covalently attached to a uridine 
35 nucleoside via an amine bond, with a CH2 group as a Z linker. Compound C4 can be extended as 
outlined herein and in Figure 1. 
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Figures 17A 17B. 17C. 17D, 17E. 17F and 17G depict other conductive oligomers, attached either 
through the base (A-D) or through the ribose of the backbone (E^). which have been synthesized 
using the techniques outlined herein. Figure 17H depicts a conductive oligomer attached to a 
ferrocene As v^ill be appreciated by those in the art. the compounds are shown as containing CPG 
groups, phosphoramidite groups, or neither, however, they may all be made as any of these. 

Figure 18 depicts a synthetic scheme for a four unit conductive oligomer attached to the base. 

Figure 19 depicts a synthetic scheme for a four unit conductive oligomer attached to the base. 

Figure 20 depicts the use of a trimethylsilyiethyl protecting group in synthesizing a five unit wire 
attached via the base. 

Figure 21 depicts the use of a trimethylsilyiethyl protecting group in synthesizing a five unit wire 
attached via the rtbose. 

Figures 22A and 22B depict simulations based on traditional electrochemical theory (Figure 22B) and 
the simulation model developed herein (Figure 22A). 

Figures 23A and 238 depict experimental data plotted with theoretical model, showing good 
coaelation. Fc-wire of Example 7 was used as 10 Hz (Figure 23A) and 100 Hz (Figure 238). 

Figure 24 depicts the synthetic scheme for protecting and derivatizing adenine for incorporation into 



PNA 



Figure 25 depicts the synthetic scheme for protecting and derivatizing cytosine for incorporation into 



PNA. 



Figure 26 depicts the synthetic scheme for protecting and derivatizing guanine for incorporation into 



PNA 



Rgure 27 depicts the synthetic scheme for protecting and derivatizing thymine for incorporation into 



PNA. 



Figures 28A. 288, 28C. 28D and 28E. Figure 28A depicts the synthetic scheme for making PNA 
monomeric subunits. Figures 28B-28E depict the PNA monomers. 
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Figure 29 depicts the synthetic scheme for a PNA monomeric subunit with a ferrocene covalently 
attached to a uracil base, for incorporation Into a growing PNA. 

Figure 30 depicts the synthetic scheme for a three unit conductive oligomer covalently attached to a 
base of a PNA monomeric subunit. 

Figure 31 depicts the synthetic scheme for a three unit conductive oligomer covalently attached to the 
backbone of a PNA monomeric subunit. 

Figure 32 depicts the synthetic scheme for a ferrocene covalently attached to the backbone of a PNA 
monomeric subunit. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention capitalizes on the previous discovery that electron transfer apparently proceeds 
through the stacked rvorbitals of the heterocyclfc bases of double stranded (hybridized) nucleic acid 
("the n-way"). This finding altows the use of tiucleic acids containing electron transfer moieties to be 
used as nucleic acid probes. See PCT publication WO 95/15971 . hereby incorporated by reference in 
its entirety, and cited references. This publication describes the site-selective modification of nucleic 
acids with redox active moieties, i.e. electron donor and acceptor moieties, which allow the long- 
distance electron transfer through a doubte stranded nucleic acid. In general, electron transfer 
between electron donors and acceptors does not occur at an appreciable rate when the nucleic acid is 
single stranded, nor does it occur appreciably unless nucleotide base pairing exists in the double 
stranded sequence between the electron donor and acceptor in the doubte helical structure. Thus. 
PCT publicationWO 95/15971 and the present invention are directed to the use of nucleic acids with 
electron transfer moieties, including electrodes, as probes for the detection of target sequences within 
a sample. 

In one embodiment, the present invention provides for novel gene probes, which are useful in 
molecular biology and diagnostic medicine. In this embodiment, single stranded nucleic ackls having 
a predetermined sequence and covalently attached electron transfer moieties, including an electrode, 
are synthesized. The sequence is selected based upon a known target sequence, such that if 
hybridization to a complementary target sequence occurs in the regton between the electron donor 
and the electron acceptor, electron transfer proceeds at an appreciable and detectable rate. Thus, the 
invention has broad general use. as a new form of labelled gene probe. In addition, the probes of tiie 



wo 98/20162 

-10- 



PCT/US97/20014 - ~ 



present invention allow detection of target sequences without the removal of unhybridlzed probe. 
Thus, the invention is uniquely suited to automated gene probe assays or field testing. 

The present invention provides improved compositions comprising nucleic acids covalentiy attached 
via conductive oligomers to an electrode, of a general structure depicted below in Structure'1. 

Structure 1 

/ 
/ 

/ 

in Structure 1 . the hatched rparks on the left represent an electrode. X is a conductive oligomer as 
defined herein. F, is a linkage that allows the covalent attachment of the electrode and the conductive 
oligomer, including bonds, atoms or linkers such as is described herein, for example as -A", defined 
below. F, is a Unkage that allows the covalent attachment of the conductive oligomer to the nucleic 
acM and may be a bond, an atom or a linkage as is herein described. may be part of the 
conductive oligomer, part of the nucleic acid, or exogeneous to both, for example, as defined herein 
for "Z". 

By -nucleic acid" or "oligonucleotide" or grammatical equivalents herein means at least two 
nucleotides covalentiy linked together. A nucleic acid of the present invention will generally contain 
phosphodiester bonds, although in some cases, as outlined below, nucleic add anatogs are included 
that may have alternate backbones, comprising, for example, phosphoramide (Beaucage et al.. 
Tetrahedron 49{10):1925 (1993) and references therein:.Letsinger. J. Org. Chem. 35:3800 (1970); 
Sprinzl et al Eur. J. Btochem. 81:579 (1977): Letsinger et al.. Nucl. Adds Res. 14:3487 (1986). Sawa. 
et al. Chem. Lett 805 (1984). Letsinger et al.. J. Am. Chem. Soc. 110:4470 (1988); and Pauwels et al.. 
Chemica Scripta 26:141 91986)). phosphorothioate (Mag et al.. Nudeic Adds Res. 19:1437 (1991): 
and U.S. Patent No. 5.644.048). phosphorodithioate (Briu et al.. J. Am. Chem. Soc. 1 1 1:2321 (1989). 
O-methylphophoroamkJite linkages (see Eckstein. Oligonucleotides and Analogues: A Practtoal 

Approad, Oxford University Press), and peptide nudeic add backbones and linkages (see Egholm. J. 

Am. Chem. Soc. 114:1895 (1992); Meier etaL. Chem. Int. Ed. Engl. 31:1008 (1992): Nielsen. Nature. 

365:566 (1993); Carlsson et al.. Nature 380:207 (1996). all of whidi are incorporated by reference). 

Other analog nudeic adds indude those with positive backbones (Denpcy et al.. Proc. Natl. Acad. Sci. 

USA 92:6097 (1995); non-lonic backbones (U.S. Patent Nos. 5.386.023. 5.637.684. 5.602.240. 

5.216.141 and 4.469.863: Kiedrowshi etal.. Angew. Chem. InU. Ed. English 30:423 (1991); Letsinger 

et al.. J. Am. Chem. Soc. 110.4470 (1988); Letsinger et al.. Nudeoside & NudeotWe 13:1597 (1994); 
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Chapters 2 and 3, ASC Symposium Series 580. "Carbohydrate IWodifications in Antisense Research". 
Ed. Y.S. Sanghui and P. Dan Cool<: Mesmaeker et al.. Bioorganic & Medicinal Chem. Lett. 4:395 
(1994); Jeffs et al.. J. Biomolecular NMR 34:17 (1994): Tetrahedron Lett. 37:743 (1996)) and non- 
ribose backbones, including those described in U.S. Patent Nos. 5.235.033 and 5.034.506. and 
Chapters 6 and 7. ASC Symposium Series 580. "Carbohydrate Modifications in Antisense Research". 
Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also 
included within the definition of nucleic acids (see Jenkins et ai., Chem. Soc. Rev. (1995) pp169- 
176). Several nucleic acid analogs are described in Rawls. C & E News June 2. 1997 page 35. All of 
these references are hereby expressly incorporated by reference. These modifications of the ribose- 
phcsphate backbone may be done to facilitate the addition of electron transfer moieties, or to increase 
the stability and half-life of such molecules in physiologteal environments. 

As will be appreciated by those in the art. all of these nucleic acid analogs may find use in the present 
invention. In addition, mixtures of naturally occurring nucleic adds and analogs can be made; for 
example, at the site of conductive oligomer or electron transfer moiety attachnrtent, an anatog structure 
may be used. Alternatively, mixtures of different nucleic ackl analogs, and mixtures of naturally 
occuring nucleic acids and analogs may be made. 

Particularly preferred are peptide nucleic acids (PNA) which includes peptide nucleic acid analogs. 
These backbones are substantially non-ionic under neutral conditions, in contrast to the highly 
charged phosphodiester backbone of naturally occumng nucleic adds. This results in two 
advantages. First, the PNA backbone exhibits improved hybridization kinetics. PNAs have larger 
changes in the melting temperature (Tm) for mismatched versus perfectly matched basepairs. DNA 
and RNA typically exhibit a 2^-C drop in Tm for an internal mismatch. With the non-ionic PNA 
backbone, the drop Is closer to 7-9-C. This allows for better detection of mismatches. Similarly, due 
to their non-ionic nature, hybridization of the bases attached to these backbones is relatively 
Insensitive to salt concentration. This is particularly advantageous in the systems of the present 
Invention, as a reduced salt hybridization solution has a lower Faradaic current than a physiologkal 
salt solution (in the range of 150 mM). 

The nudeic acids may be single stranded or double stranded, as specified, or contain portions of both 
double stranded or single stranded sequence. The nudeic ackl may be DNA. both genomic and 
cDNA. RNA or a hybrid, where the nudeic acid contains any combination of deoxyribo- and ribo- 
nucleotides, and any combinatton of bases, induding uradl. adenine, thynwne. cytosine. guanine, 
inosine. xathanine hypoxathanine. isocytosine. isoguanine. etc. As used herein, the term "nudeoside" 
indudes nudeotkles and nudeoskle and nucleotide analogs, and modified nucleosides such as amino 
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,^,f«d nucleosides. ,o addMon. "nucteosKle- i.c»,des ™>n-naUX3,hr oc=u*g anak>g 

Thus .or example *e indi«dua, unte of . pepBde .ud«c acid, each conBlnlng a ba«. are «fe™d U. 

herein as a nucleoside. 

Theructeosidesandnucteic«*lsa«covale«lya.achedtoacond,«ave^ ^'"iT'"^ , 
olicomer- herein Is mean, a conducing oligomer, prafarabl, linear, some embodiment of 

which are referred B m «» mar*-, as -mola^ular »»s-. B, -subsBnMll, conducting herein ,s 
mean. m«*e n«. of eU>«ron«inafer trough «» conducUve oligomer Is fasKr .han me ra.e of 
elec«.n «ns.ar trough slng« s«nd«. nuc«= add. such «,a, conducive oligomer is no. me ,a.e 
»rt«ng s«p m «» deWCion of h,Wdlz«lon. a«hough as noted below. s,s«ms which use spacers 

Jra» .m»^ am ^capf^b.. dl«aren.., me ..s^nce of me conduc.™. 

Olgomer is tess man ma. of me nucleic ac«. Prefera-ly. .he ra.e of eiecm=n «nsfer mrough me 
c»,du«K« oflgomer is 6«er man me r,« o, el«»ron «ns..r mrough double s«anded nudeic aad. 
,e mrough m.«ackedn^ls of me double helix. Generally, me conduc»«iO«gomer has 
subs«n^ o«r«pplng n^rblfals. l.e. conjuga^d n^Hals. as be«,een m. — J" 
conduc«v. o»gomer. aimough me conduc«v. oligomer ma, also «.n«in one or mora ..gma (o, bonds. 
Addi«ona«y, a conduc«.e oligomer ma, be defined lunc«onall, b, is «-liV » inled or race™, 
ete«,ons inu, or from an anached nucleic add. Funhemore. ma conducdv. o«9om« ,s more 
conducSve man me msulaters as defined herein. 

,„ a profaned embo*n.n. me conduct, o^^h- a condudM.,. ^"^^^ 
,0- B abou. 10- nW. wim fmm abou. 10- » abcu,,..- Q-cn," bemg pra*.r«.. wm mesa S alues 
being calcu««l.ormdecul.s.an9m9*»nabou.20A«abou,200A. As described below. ,nsula«« 
ha« a condudl^., S of abou. lO' Q-W or lower. «im l«.s man abou. 10' Q 'cm ' being p^ferred. 
See generall. Ganger « a... S-»o.. and /«ua»rs A SI (199S) 57«. lnoon»ra»d hera« b, 
reference. 

Desired characteristics of a conductive oligomer include high conductivity, sufficient solubili^ in 
organic solvents and/or water for synthesis and use of the compositions of the invention, and 
preferably chemical resistance to reactions that occur i) during nuCeic acid synthesis i^^^^ 
nucteosides containing the conductive oligomers may te added to a nudeic add synthes^r dunng 
the synthesis of the compositions of the invention), ii) during the attachment of the conductwe ol^omer 
to an electrode, or iii) during hybridization assays. 

The oligomers of the invention comprise at least two monomeric subunits. as described herein. As is 
described more fully below, oligomers indude homo- and heteroKrflgomers. and Indude polymers. 
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In a preferred embodiment, the conductive oligomer has the structure depicted in Structure 2: 

Structure 2 

5 

As will be understood by those tn the art, ail of the stnjctures depicted herein may have additional 
atoms or structures; i.e. the conductive oligomer of Structure 2 may be attached to electron transfer 
moieties, such as electrodes, transition metal complexes, organic electron transfer moieties, and 
metailocenes. and to nucleic acids, or to several of these. Unless othenA^ise noted, the conductive 
10 oligomers depicted herein will be attached at the left side to an electrode: that is. as depicted in 

Structure 2. the left "Y" is connected to the electrode as described herein and the right "Y". if present, 
is attached to the nucleic acid, either directly or through the use of a linker, as is described herein. 

In this embodiment. Y is an aromatic group, n is an integer from 1 to 50, g is either 1 or zero, e is an 
15 integer from zero to 10. and m is zero or 1. When g is 1 . B-D is a conjugated bond, preferably 

selected from acetylene, alkene, substituted alkene, amide, azo. -C=N- (including -N=C-. -CR=N- and 
-N=CR-). -Si=Si-. and -S!=C- (including -C=Si^. -Si=CR- and -CR=Si-). When g is zero, e is preferably 
1. D is preferably carbonyl. or a heteroatom moiety, wherein the heteroatom is selected from oxygen, 
sulfur, nitrogen, silicon or phosphorus. Thus, suitable heteroatom moieties include, but are not limited 
20 to. -NH and -NR. wherein R is as defined herein; substituted sulfur sulfonyl (-SO2-) sulfoxide (-SO-); 

phosphine oxide (-P0- and -RPO-); and thiophosphine (-PS- and -RPS-). However, when the 
conductive oligomer is to be attached to a gold electrode, as outlined below, sulfur derivatives are not 
preferred. 

25 By "aromatic group" or grammatical equivalents herein is meant an aromatic monocyclic or polycycHc 
hydrocart>on moiety generally containing 5 to 14 cart)on atoms (although larger polycyclk: rings 
structures may be made) and any carbocylk: ketone or thioketone derivative thereof, wherein the 
carbon atom with the free valence is a nnember of an aromatfc ring. Aromatic groups include arylene 
groups and aromatic groups with more than two atoms removed. For the purposes of this application 

30 aromatk: includes heterocycle. "Heterocyde" or "heteroaryl" means an aromatic group wherein 1 to 5 
of the indicated carbon atoms are replaced by a heteroatom chosen from nitrogen, oxygen, sulfur, 
phosphorus, tioron and silicon wherein the atom with the free valence is a memt>er of an aromatic ring, 
and any heterocyclic ketone and thioketone derivative thereof. Thus, heterocycle includes thienyl, 
furyl, pyrrolyl, pyrimidinyl, oxalyl. indoiyl. purinyl, quinolyl. isoquinolyl, thiazolyl. imidozyl, etc. 
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importantly, the Y aromatic groups of the conductive oligomer may t,e different. i.e. the conductive 
oligomer may be a heterooligomer. That is. a conductive oligomer may comprise a oligomer of a 
single type of Y groups, or of multiple types of Y groups. Thus, in a preferred embodiment. AVhen a 
barrier monolayer is used as Is described below, one or more types of Y gmups are used .n the 
conductive oligomer within the monolayer with a second type(s) of Y group used above the monolayer 
level Thus as is described herein, the conductive oligomer may comprise Y groups that have good 
packing efficiency within the monolayer at the electrode surface, and a second type(s) of Y groups 
With greater flexibility and hydrophilidty above the monolayer level to fadlitate nucleic acd 
hybridization. For example, unsubstituted benzyl rings may comprise the Y rings for monolayer 
packing, and substituted benzyl rings may be used above the monolayer. Alternatively, heterocylic 
rings either substituted or unsubstituted. may be used above the monolayer. Additionally, .n one 
embodiment, heterooligomers are used even when the conductive oligomer does not extend out of the 
monolayer. 

The ararafc group may be subsWmed ««h a subs«lutlon group. ger^»v depleted l«Bin as R. R 
croups r«y be added as r«cessa,y to affect the packir^ of the cor,ductlv. cSgon^s. l.e. wh«, the 
r,udelc adds a«ached to the r^orKluctive oUgomers iom- a mor,o,ayer on the .tetrode. R grou^ may 
be used to alter the assodaBon of the otlgorher, in the monolayer. R groups m«r also be added to 1) 
a«er the solubiUty of the oligcmer or of Odmpos«oos containing th. otlgom^s; 2, a»er .he conjugate 
or e«c.rochemK:a. potential of the system: and 3) alter t.» charge or cha,«:.ens6cs a. the surface of 
the monolayer. 

,„ a preferred embodim«.t. when the conductive C*»ner is g,««» .h«, three »*units. R groups are 
p^ferred to increase so»*i«y «hen «-utlon synthesis Is done. However, the R groups, and the,r 
posltlons..recho.enlominim.llyrtfec<thep««n,of.h.conductiveoligon»rsonasurfac^^ 

particulad, within a T«nolayer. as d.scnb«. In g«»ral. only small R groups are ,»ed w,».n 
L monolayer, with R groups g«»rt«ly above the surface of «,e monolayer. Thus tor example 
the attachment of methyl groups to th. portion 0. the conducive oligomer within the monolaye' to 
increase solublHty is prefen«>. anachmen. of longer alkoxy groups, for examp«. C3 to CIO. .s 
preferably done above the n»r»layer surface. In general, for «« systems descnbed 
aeneral^ me«» that at«:hment of stencali, slgnifc^rt R groups is not done on any of the lirs. two or 
three oligomer subunits. depending on the length of the insulator molecules 

suitable R g™ps include, but are not limlled to. hydrogen, alkyl. alcohol, aomatic. amino. amMo. 
nItro. ethers, esters, aklehydes. suHonyl. silicon moWes. halogens, sulfur e«lWnlng monies, 
phosphonrs containing moieties, and ethylene glycols. In the stmctures d«»cted heni,n. R .s 
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hydrogen when the position is unsubstituted. It should be noted that some positions nnay allow two 
substitution groups. R and R'. in which case the R and R' groups may be either the same or different. 

By "alkyi group" or grammatical equivalents herein Is meant a straight or branched chain alky! group, 
5 with straight chain alkyi groups being preferred. If branched, it may be branched at one or more 

positions, and unless specified, at any position. The alky! group may range from about 1 to about 30 
carbon atoms (C1 -C30). with a preferred embodiment utilizing from about 1 to about 20 carbon atoms 
(ei -C20), with about C1 through about C12 to about C15 being preferred, and C1 to C5 being 
particularly preferred, although in some embodiments the alkyI group may be much larger. Also 
10 included within the definition of an alkyl group are cycloalkyi groups such as C5 and C6 rings, and 
heterocyclic rings with nitrogen, oxygen, sulfur or phosphorus. Alkyl also includes heteroalkyl, with 
heteroatoms of sulfur, oxygen, nitrogen, and silicone being preferred. AJkyI includes substituted alkyl 
groups. By "substituted alkyl group" herein is meant an alkyl group further comprising one or more 
substltutran moieties "R", as defined above. 

15 

By "amino groups" or grammatical equivalents herein is meant -NHj. -NHR and -NRj groups, with R 
being as defined herein. 

By "nitro group" herein is meant an -NOj group. 

20 

By ^sulfur containing moieties" herein is meant compounds containing sulfur atoms, including but not 
limited to. thia-, thio- and sulfo- compounds, thiols (-SH and -SR). and sulfides (-RSR-). By 
"phosphorus containing moieties" herein is meant compounds containing phosphorus, including, but 
not limited to. phosphines and phosphates. By "silicon containing moieties" herein is meant 
25 compounds containing silicon. 

By "ether^ herein is meant an -O-R group. Preferred ethers include alkoxy groups, with -0-(CH2)2CH3 
and -0-(CH2)4CH3 being preferred. 

30 By "ester^ herein is meant a -COOR group. 

By "halogen" herein is meant bromine, iodine, chlorine, or fluorine. Preferred substituted alkyls are 
partially or fully haiogenated alkyls such as CF3. etc. 
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By "aWehyde" herein is meant -RCOH groups. 
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By "alcohol- herein is meant -OH groups, and alkyi alcohols -ROH. 
By "amido" herein is meant -RCONH- or RCONR- groups. 

By -ethylene glycol- or ••(poly)ethylene glycoP herein Is meant a -(CW^H^^^H J„- group, although each 
carbon atom of the ethylene group may also be singly or doub^ substituted. i.e. -<0-CR,^R.)„-. wth 
R as described above. Ethylene glycol derivatives with other heteroatoms in place of oxygen (.e. ^N- 
CHrCH,)„- or -(S-CHj-CH,)„-. or with substitution groups) are also preferred. 

Preferred substitution groups Include, but are not limited to. methyl, ethyl. p«>pyl. alkoxy groups such 
as -0-(CH,),CH, and ^(CH,).CH, and ethylene glycol and derivatives thereof. 

preferred aromatic groups Include, but are not limited to, phenyl, naphthyl. naphthalene, anthracene, 
phenanthrcme. pyrole. pyridine, thiophene. porphyrins, and subs«tuted derivat.es of each of these, 
included fused ring derivatives. 

,„ me co«»««ve C^omers d=pic»d Ke„^. when g « , . B-0 Is a bond Unking «, .«mt,s o, 
Jl^. .n a em^^^nt B-O is a conjugated .^d. comalnlng ov«,ap^og or co„uga»d 

n-orbitals. 

P,e,ened bonds a,e seleced .rom acetylene (-CC a«o =,« '"^/JT']-^. 
CH=CH.. also cal^d e»,ylene,. subs.«u.ed aU<ene <^R<R-. ^-CR- ■<=«"=»^^^" 
CO- and .NR-CO- or -CO-NH- and .CO-NR-,. azo (^). -0 '^•^t^;' 

CS^. and -OCS-, and omer conjugated bo^ such as (^H-N-. ^"^-^^rt^''' 
SIH=S,H-. .S,R.S«-, -SIB^-H-. and (-SIH^H-. .SIR^CH-. ^H^CR-. -S«-CR. - 

CH-SH- <:R=SIH. .CH^R-.»id<:R=SIR-). Pa,tiouterl,p«*.r«iB.D bonds ar. acetylene. 
alK^ne atnide. and ».bs,i.u.«.den«»«so. these and azo. Especial preferred e^, bonds 
Tacetytene atKene and ^. Th. oUgotner co™pon«« «.ach.d to doub^ bonds n^ be . the 
.rans or cIs contom».on. or nodures. Thus. .«her B or O n»y Mude carbon. n«ro9.n or s-«on. 
The substitution groups are as defined as above for R. 

W,«, g=0 in the St^ctute 2 conducti« oligomer. . is pr^erab., r and the D n»e,y may be carbonyl 
or a heteroatom moiety as defined above. 

AS abo« for the Y rtngs. with^ any Sln^ conducti.e ol^r. me B-D bonds ,or D -"""^"r, 
g^, n«,be«..h.,««.o,a.,easton.™,b.di««enl for example, when m , z«o. the ,«m»>a. 
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B-0 bond may be an amide bond, and the rest of the B-0 bonds may be acetylene bonds. Generally, 
when amide bonds are present, as few amide bonds as possible are preferable, but in some 
embodiments all the B-0 bonds are amide bonds. Thus, as outlined above for the Y rings, one type of 
B-O bond may be present In the conductive oligomer within a monolayer as described below, and 
5 another type above the monolayer level, to give greater flexibility for nucleic acid hybridization. 

In the structures depicted herein, n is an integer from 1 to 50, although longer oligomers may also be 
used (see for example Schumm eta!.. Angew. Chem. Int. Ed. Engl. 1994 33(1 3): 1360). Without 
being bound by theory, it appears that for efficient hybridization of nucleic acids on a surface, the 

10 hybridization should occur at a distance from the surface. i.e. the kinetics of hybridization increase as 
a function of the distance from the surface, particulariy for long oligonucleotides of 200 to 300 
basepairs. Accordingly, the length of the conductive oligomer Is such that the closest nucleotide of the 
nucleic acid is positioned from about 6 A to about 100A (although distances of up to 500A may be 
used) from the electrode surface, with from about 15A to about 60A being preferred and from about 

IS 25A to about 60A aiso being preferred. Accordingly, n will depend on the size of the aromatic group, 
but generally will be from about 1 to about 20, with from at>out 2 to about 15 being preferred and from 
about 3 to about 10 being especially preferred. 

In the structures depicted herein, m is either 0 or 1. That is, when m is 0. the conductive oligomer may 
20 terminate in the B-O bond or D moiety, i.e. the O atom is attached to the nucleic acid either directly or 
via a linker. In some embodiments, for example when the conductive oligomer is attached to a 
phosphate of the rit}ose-f)hosphate backbone of a nucleic acid, there may be additional atoms, such 
as a linker, attached between the conductive oligomer and the nucleic acid. Additionally, as outlined 
below, the O atom may be the nitrogen atom of the amino-modified ribose. Alternatively, when m is 1. 
25 the conductive oligomer may terminate in Y. an aromatic group, 1.e. the aromatic group is attached to 
the nucleic acid or linker. 

As will be appreciated by those in the art. a large number of possible conductive oligomers may be 
utilized. These include conductive oligomers falling within the Structure 2 and Structure 9 formulas, as 

30 well as other conductive oligomers, as are generally known in the art, including for example, 

compounds comprising fused aromatic rings or Teflon<SMike oligomers, such as -(CFj),,-. -(CHF)^- and 
-(CFR)„-. See for example, Schumm et al., angew. Chem. Intl. Ed. Engl. 33:1361 (1994);Grosshenny 
et al.. Platinum Metals Rev. 40(1):26-35 (1996); Tour, Chem. Rev. 96:537-553 (19S6); Hsung et al.. 
Organometalik:s 14:4808-4815 (1995; and references cited therein, all of whk:h are expressly 

35 incorporated by reference. 
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Particularly preferred conductive oligomers of this embodiment are depicted below: 

Structure 3 

structure 3 is Structure 2 wt^en g is 1 . Preferred embodiments of Structure 3 include: e is zero. Y Is 
pyrole or substituted pyrole: e is zero. Y Is thiophene or substituted tt^iophene; e is zero. Y is furan or 
substituted furan: e is zero. Y is phenyl or substituted phenyl; e is zero. Y is pyridine or substituted 
pyridir^ e is 1. B-D is acetylene and Y is phenyl or substituted phenyl (see Stnicture 5 below). A 
preferred embodiment of Structure 3 is also when e is one. depicted as Structure 4 below: 

Structure 4 

P^^d «^lmen« S««ure 4 are: V is phen,. or subs«u«d pheny, and B-D <-^'^^ 

V „ p^ddlne or s„bs«u«d py.d^ and B-0 is a=e.y«ne: V is «ophe,« or subs«u«d «^ and 
e-0^ace,y«e; Y .s »,ran or suOs«tu,ed furan and B-D is ace„.ene: Y is «,iopnene or ,^ (or 
soosauBd lhiopl«>n. or furan) and B-D a.« a«en«tin9 alKene and acetylene bonds. 

^tos. Of >.e secures depiaed h«e,n u«ize a S»ucU,re 4 oonduc»« o,.gon»r. H-"";^ 
S»ucK.re 4 o^n^rs n«, oe s.Ps«H»ed wi« a S«uc»« 2. 3 or 9 o.,gon«r. o, om« 

oogorner. and «e use Of suc« Sttuo«.re 4 «p«on is n« ^1. 

Par«cu»ny preferred embodiment o. Sm«*« 4 mcHK^ S«.*.r.s 5. 6. 7 and 8. depi«ed be««-. 

Structure 5 




prefe™- embod»«n.. o. StruoUrre 5 incU^: n is .«o, m « one. and R is nydrog«,; n is 
mree. m is zero, and R is hydrogen; and .he use of R gn^ups «. inoraase so.ub,l«,. 



Structure 6 
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When the B-D bond is an annide bond, as in Structure 6. the conductive oligomers are pseudopeptide 
oligomers. Although the amide bond in Structure 6 is depicted with the carbonyl to the left. i.e. - 
CONH-. the reverse may also be used. i.e. -NHCO-. Particularly preferred embodiments of Structure 
6 include: n is two. m is one. and R is hydrogen; n Is three, m is zero, and R is hydrogen (in this 
embodiment, the terminal nitrogen (the D atom) may be the nitrogen of the amrno-modified ribose): 
and the use of R groups to increase solubility. 

Structure 7 



Preferred embodiments of Stmcture 7 include the first n is two. second n is one. m is zero, and all R 
groups are hydrogen, or the use of R groups to increase solubility. 

Structure 8 




Preferred embodiments of Structure 8 include: the first n is three, the second n is from 1-3. with m 
being either 0 or.1, and the use of R groups to increase solubility. 

In a preferred embodiment, the conductive oligomer has the structure depicted in Structure 9: 

Structures 



In this embodiment. C are cartxan atoms, n is an integer from 1 to 50, m is 0 or 1 . J is a heteroatom 
selected from ttie group consisting of oxygen, nitrogen, silicon, phosphorus, sulfur, carbonyl or 
sulfoxide, and G is a bond selected from alkane. alkene or acetylene, such that together with the two 
carbon atoms the C-G-C group is an alkene (-CH=CH-), substituted alkene (-CR=CR-) or mixtures 
thereof (-CH=CR- or -CR=CH-). acetylene (-C£C-). or alkane (-CRj-CR^-. with R being either 
hydrogen or a substitution group as described herein). The G bond of each subunit may be the same 
or difCerent than the G bonds of other subunits: that is. alternating oligomers of alkene and acetylene 
bonds couki be used. etc. However, when G is an alkane bond, the number of alkane bonds in the 
oligomer shouM be kept to a minimum, with about six or less sigma bonds per conductive oligomer 
being preferred. Alkene bonds are preferred, and are generally depicted herein, although alkane and 
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bonds .3, ^ I" an, s„uo..e o. em^™n.-esc.b«. as 

appreciated by those in the art. 

,„ some en,„od,n«,«. >o. exan^- wNen «^ "»^" ^'"^ " 

men al least one o( the G bonds is not an alkane bond. 

,„ a pre-ened e.bod,n»n. . o, Struot.™ S . «~. -n a part^u^r. ^ " 
zero and G is an alkene bond, as is depia«l in Stiucture 10; 

Structure 10 




^a.Keneo.i.o.ero,structu..0.3n.othe..epicte.he.e.^^^^^^^^^^ 

««terr«d trans configuration, although oligomers of cis or matures of trans and c.s may a 
prBferred t,3ns configu^ compositions on an electrode, the 

AS alK>ve. R groups may be added P ^tational. torsional or 

hydrophilicity or hydrophobicity of the ohgomer. and the f.ex.b.l.ty. ..e. 
tongitudinal flexibility of the oligomer, n is as defined above. 

.napreferredembodiment.R.hydrogen.a«K»^hRn«y be also alM groups and po,^^^^^ 
glycols or derivatives. 

,„ana„en.a..veen«od««n.,Heconduc..«^-y«a-n^o,di««en.t,peso, 
Oligomers, for example of structures 2 and 9. 

coordination bonds. 

™en„o».ac«.co«.n«,a.«c.>edto,necond„o.eo^3.-c^^^ 
oova-ent, a^bed to .be etec^e in ^^^^-^^ ^, ^ .be e.eo«o 

Sigma bonds. 
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The covalent attachment of the nucleic acid and the conductive oligomer may be accomplished in 
several ways. In a prefen-ed embodiment, the attachment is via attachment to the base of the 
nucleoside, via attachment to the backbone of the nucleic acid (either the ribose, the phosphate, or to 
an analogous group of a nucleic acid analog backbone), or via a transition metal ligand. as described 
below. The techniques outlined below are generally described for naturally occuring nucleic acids, 
although as will be appreciated by those in the art. similar techniques may be used with nucleic acid 
analogs. 

In a preferred embodiment, the conductive oligomer is attached to the base of a nucleoside of the 
nucleic acid. This may be done in several ways, depending on the oligomer, as is described below. In 
one embodiment, the oligomer is attached to a terminal nucleoside, i.e. either the 3* or 5' nucleoside of 
the nucleic acid. Alternatively, the conductive oligomer Is attached to an internal nucleoside. 

The point of attachment to the base will vary with the base. While attachment at any position is 
possible, it is preferred to attach at positions not involved in hydrogen bonding to the complementary 
base. Thus, for example, generally attachment is to the 5 or 6 position of pyrimidines such as uridine, 
cytosine and thymine. For purines such as adenine and guanine, the linkage is preferably via the 8 
position. Attachment to non-standard bases is preferably done at the comparable positions. 

In one embodiment, the attachment is direct; that is. there are no intervening atoms between the 
conductive oligomer and the base. In this embodiment, for example, conductive oligomers with 
terminal acetylene bonds are attached directly to the base. Stnjcture 1 1 is an example of this linkage, 
using a Stnjcture 4 conductive oligomer and uridine as the base, although otiier bases and conductive 
oligomers can be used as will be appreciated by those in the art: 

Structure 1 1 




It should be noted Uiat ttie pentose stmctures depicted herein may have hydrogen, hydroxy, 
phosphates or other groups such as amino groups attached. In additk>n. the pentose and nucleoside 
structures depicted herein are depicted non-conventionally. as mirror images of the normal rendering. 
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,„ addiWn. Pantos, ard nucleoside s^ucures ma, also =on«ln ,ddi«or,l groups, such as 
p«,tee«n9 groups, at any poslWn. for example as needed dudng synmesa. 

,„ addKlo.. .he Pase ma, =o«ain ad<.tona. .^»c«ions as needed. i.e. «« cartcnyl or amin. groups 
may be altered or protected, lor example as is deplcBdIn Figure 3 oris. 

in an alternative en*odlment the attachment is through an amide bo^l us^ a linl»r as needed, as is 
generally depicted in Slmcture 12 using uridine as the base and a Stnicture 4 oligomer 

Stmcture 12: 

'ft 

Prelerr., embod^ =< StnKture 12 .nciude Z : a memylene or etr^iene. The .m«, attach^ 
done using an ar^no group o, the base, either a natur.. occurring an^ group such as 
,„ cySdine or ».enidlne. or from an aminoHhodified base as are Known in the at 

,„..embo*«n.Z.a,..er.re^.."ashori.K«.^^^^^ 

are not .»n„ed to. alKy. groups ar.. -M g-cup, cont-nin, het.ro»»n ~ 

orouDS esters epox, groups and «hyl«« glycol ««> deriv«i«s bemg preferred. v»th propyl. 

'aXn^'"ar.bLnge««ia.y preferred, z may also be a suHbne group, form^g 

sutfonamide linkages as discussed below. 

,„ a preferred embodHnen. the «.achmen, o, the nuaeic ac« and the ^^'J^^ ^ 
at.achment«.thebac»boneo,th.nucleicacid. ^'-'V be done ». a nt^r o„«y^^ 9 
^tachment to a ribos. of the ribose-phosphate baddx-ne. or «. the phosphate o. the bacKb»>e. 
Other groups of analogous backbones, 

AS a preliri^ar, matter, it should be understood that the site o, at.achm«,t « " 
3 or 5- tem-nal nucleotide, or to an internal nudeotide. as is more fuKy d.scnb«. belo.. 
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Jn a preferred embodiment, the conductive oligomer is attached to the ribose of the ribosenahosphate 
backbone. This may be done in several ways. As is known in the art. nucleosides that are modified at 
either the 2' or 3' position of the. ribose with amino groups, sulfur groups, silicone groups, phosphorus 
groups, or oxo groups can be made (Imazawa et aL, J. Org, Chem:, 44:2039 (1979); Hobbs etal., J. 
Org. Chem. 42(4):714 (1977); Verheyden et aL. J. Orrg. Chem. 36(2):250 (1971); McGee et af.. J. 
Org. Chem. 61:781-785 (1996); Mikhailopulo etal., Liebigs. Ann. Chem. 513-519 (1993); McGee etal.. 
Nucleosides & Nucleotides 14(6):1329 (1995). all of which are Incorporated by reference). These 
modified nucleosides are then used to add the conductive oligomers. 

A preferred embodiment utilizes amino-modified nucleosides. These amino-modified riboses can then 
be used to form either amide or amine linkages to the conductive oligomers. In a preferred 
embodiment, the amino group is attached directly to the rit^ose. although as wilt be appreciated by 
those in the art. short linkers such as those described herein for "Z" may be present between the 
amino group and the ribose. 

In a preferred embodiment, an amide linkage is used for attachment to the ribose. Preferably, if the 
conductive oligomer of Structures 2-4 is used, m is zero and thus the conductive oligomer terminates 
in the amide bond. In this embodiment, the nitrogen of the amino group of the amino-modified rit>ose 
is the "D" atom of the conductive oligomer. Thus, a prefen-ed attachment of this embodiment is 
depicted in Structure 1 3 (using the Structure 4 conductive oligomer): 

Structure 13 



As will be appreciated by those in the art. Structure 13 has the terminal bond fixed as an amide bond. 

In a preferred embodiment, a heteroatom linkage is used. i.e. oxo. amine, sulfur, etc. A prefen-ed 
embodiment utilizes an amine linkage. Again, as outlined above for the amide linkages, for amine 
linkages, the nitrogen of the amino-modified rit)ose may be the "D" atom of the conductive oligomer 
when the Structure 4 conductive oligomer is used. Thus, for example, Structures 14 and 15 depict 
nucleosides with the Structures 4 and 10 conductive oligomers, respectively, using the nitrogen as the 
heteroatom, athough other heteroatoms can be used: 
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Structure 14 




4— 

,„ structure «. preferabl, w.h a. and , are -o. zero. A prefer,- Z her, » a n^|en. sroup =r 
^ a,M .infers, one. .«o or ..ree car.»ns ^ -hls pos«,on are pa,«cu«*, use*,, fer 



synthetic reasons; see Figure 16 

Structure 15 




T 

R 

,„ s^ucure 15. Z « as define., above. Suitable linl«rs induOe mettle and emylene. 

,„ an a.en,a«ve en,bodi„«n,. .ne conductive cigo„«r is covaientt, attached to the 

lapnate of ribose-phosphate bacK.»>ne ,cr anau^g) o. a nucleic acid, in .h« «*oa,n«l the 

!nrn °r^ect u Jes a llnKer or via an am* Pond. S.ruc«,re 16 dep«s a direct l«Ka,e. «>d 

rirZ:,in.a,ev,aana.,deP«.,Potnu.«...heStructure.cc^^ 

although S«,c.ure 9 conducive oligomers are a^ possible,. Stn^ures " *^ 
conduct^e o,igon»r in the 3' position, although the =• pos«on is also pos»«^. ^""^'^ ^ 
Structures 16 and 17 d«>iC natutall, occurring phosphodiester bonds, -.hough as those .n the a« w« 
appreciate, non-standanl anak-gs of phoaphodiesKr bonds ma, also be u.*.. 

Structure 16 




-i — m-y 



„ s«.«ure ,6. « the temUna, V is present ,i.e n^D. tr«n prefer^bl, Z is not present ,i.e. t^,. «.he 
tenranal Y is not present, then Z is preferably present. 

smrctute 17 depicts a preferred embodiment. wh«*. « tenninal M bond is an »nid. bond. 
»m«nal Y is not present and Z IS a linker, as denned here.n. 
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Structure 17 




In a preferred embodiment, the conductive oligomer is covalentty attached to the nucteic acid via a 
transition metal ligand. In this embodiment, the conductive oligomer is covalently attached to a ligand 
which provides one or more of the coordination atoms for a transition metal. In one embodiment, the 
Hgand to which the conductive oligomer is attached also has the nucleic acid attached, as is generally 
depicted below in Structure 18. Alternatively, the conductive oligomer is attached to one ligand. and 
the nucleic acid is attached to another ligand, as is generally depicted below in Structure 19. Thus, in 
the presence of the transition metal, the conductive oligomer is covalently attached to the nucleic acid. 
Both of these structures depict Structure 4 conductive oligomers, although other oligomers may be 
utilized. Structures t8 and 19 depict two representative structures: 

Structure 18 



In the structures depicted herein. M is a metal atom, with transition metals being preferred. Suitable 
transition metals for use in the invention include, but are not limited to. cadmium (Cd), copper (Cu). 
cobalt (Co), palladium (Pd). zinc (Zn). iron (Fe), ruthenium (Ru). rhodium (Rh). osmium (Os), rhenium 
(Re), platlnium (Pt). scandium (Sc), titanium (Ti). Vanadium (V). chromium (Cr), nnanganese (Mn). 
nickel (Ni). Molybdenum (Mo), technetium (Tc). tungsten (W). and iridium (Ir). That is, the first series 
of transition metals, the platinum metals (Ru, Rh. Pd, Os, Ir and Pt). along with Fe, Re. W, Mo and Tc, 
are preferred. Parttcularty preferred are ruttienium. rtnenium, osmium, plattnium. cobalt and iron. 




Structure 19 




nucleic aad 



L are the co-ligands. that provide the coordination atoms for the binding of the metal ion. As will be 
appreciated by those in the art, the number and nature of the co*ligands will depend on the 
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coordination number of the metal .on. Mono-, di- or polydentate co-ligands may be used at any 
position Thus, for example, when the metal has a coordination number of six. the L from the terminus 
of the conductive oligomer, the L contributed from the nucleic acid, and r. add up to six. Thus, when 
the metal has a coordination number of six. r may range from zero (when all coordination atoms are 
provided by the other two ligands) to four, when ail the co-ligands are monodentate. Thus generally, r 
will be from 0 to 8. depending on the coordination number of the metal ion and the choice of the other 
ligands. 

in one embodiment, the metal ion has a coo«lination number of six and both the ligand attached to the 
conductive oligomer and the ligand attached to the nucleic acid are at least bidentate; that ,s. r .s 
preferably zero, one (i.e. the remaining coligand is bidentate) or two (two monodentate co-ligands are 

used). 

AS will be appreciated in the art. the co-ligands can be the same or different. Suitable ligands fall into 
two categories: ligands which use nitrogen, oxygen, sulfur, carbon or phosphorus atoms (dependmg 
on the metal ion) as the coordination atoms (generally referred to in the literature as Sigma (o) donors) 
and organometallic ligands such as metallocene ligands (generally referred to in the literature as p. (n) 
donors, and depicted herein as L J. Suitable nitrogen donating ligands are well known in the art and 
include, but are not limited to. NH,; NHR; NRR'; pyridine; pyrazine: isonicotinamide; imidazole; 
bipyridine and substituted derivatives of bipyridine; terpyridine and substituted derivatives: 
phenanthrolines. particularly 1.10-phenanthroline (abbreviated phen) and substituted derivatives of 
phenanthrolines such as 4.7-dimethy.phenanthroline and dipyridoll3.2.a:2-.3--clphenazirie (abbreviated 
dppz); dipyridophenazine; 1. 4.5.8.9.1 2-hexaazatriphenylene (abbreveted hat); 9.10- 
phenanthrenequinone dilmine (abbreviated phi); 1.4.5.8-tetraazaphenanthrene (abbreviated tap); 
1 4 8 11-tetra-azacyclotetradecane (abbreviated cyclam) and isocyanide. Substituted derivatwes. 
including fused derivatives, may also be used. In some embodiments, porphyrins and substituted 
derivatives of the porphyrin family may be used. See for example. Comprehensive Coordination 
Chemistry. Ed. Wilkinson et al.. Pergammon Press. 1987. Chapters 13.2 (pp73-98). 21.1 (pp. 813- 
898) and 21.3 (pp 915-957). all of which are hereby expressly incorporated by reference. 

suitable Sigma donating ligands using carbon, oxygen, sulfur and phosphorus are known in the art. 
For example, suitable sigma carbon donors are found in Cotton and Wilkenson. Advanced Organic 
Chemistry. 5th Edition. John Wiley & Sons. 1988. hereby incorporated by reference: see page 38. for 
example. Similarty. suitable oxygen ligands include crown ethers, water and others known in the art 
Phosphines and substituted phosphines are also suitable; see page 38 of Cotton and Wilkenson. 
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The oxygen, sulfur, phosphonis and nitrogen*donating iigands are attached in such a manner as to 
aliow the heteroatoms to serve as coordination atoms. 

in a preferred embodiment, organometallic Iigands are used. In addition to purely organic compounds 
for use as redox moieties, and various transition metal coordination complexes with 5-bonded organic 
Itgand with donor atoms as heterocyclic or exocyclic substituents. there is available a wide variety of 
transition metal organometallic compounds with n-bonded organic iigands (see Advanced Inorganic 
Chemistry. 5th Ed., Cotton & Wilkinson, John Wiley & Sons, 1988, chapter 26; Organometallics, A 
Concise Introduction. Elschenbroich et aL, 2nd Ed., 1992. VCH; and Comprehensive Organometallic 
Chemistry II. A Review of the Literature 1982-1994. Abel et al. Ed.. Vol. 7. chapters 7, 8. 10 & 1 1 . 
Pergamon Press, hereby expressly incorporated by reference). Such organometallic Iigands include 
cyclic aromatic compounds such as the cyclopentadienide ion [C5H5(-1)) and various ring substituted 
and ring fused derivatives, such as the rndenylide (-1) ion, that yield a class of 
bis(cyciopentadieyl)metal compounds, (i.e. the metallocenes); see for example Robins et al., J. Am. 
Chem. Soc. 104:1882-1893 (1982); and Gassman et al., J. Am. Chem. Soc. 108:4228-4229 
(1986). incorporated by reference. Of these, ferrocene [(C5H5)2Fel and its derivatives are prototypical 
examples which have been used in a wide variety of chemical (Connelly et al.. Chem. Rev. 96:877- 
910 (1996). incorporated by reference) and electrochemical (Geiger et al.. Advances in Organometallic 
Chemistry 23:1-93; and Geiger et al., Advances in Organometallic Chennistry 24:87. incorporated by 
reference) electron transfer or ''redox" reactions. Metallocene derivatives of a variety of the first, 
second and third row transition metals are potential candidates as redox moieties that are covalently 
attached to either the ribose ring or the nucleoside base of nucleic acid. Other potentially suitable 
organometallic Iigands include cyclic arenes such as benzene, to yield bis(arene)metal compounds 
and their ring substituted and ring fused derivatives, of which bis(benzene)chrom}um is a prototypical 
example. Other acyclic n-tx>nded Iigands such as the allyl(-l) ion, or butadiene yield potentially 
suitable organometallic compounds, and all such Iigands, in conjuction with other n-t>onded and 6- 
bonded Iigands constitute the general class of organometallic compounds in which there is a metal to 
carbon bond. Electrochemical studies of various dimers and oligomers of such compounds with 
bridging organic Iigands, and additional non-bridging Iigands. as well as with and without metal-metal 
bonds are potential candidate redox moieties in nucleic acid analysis. 

When one or more of the co-tigands is an organometallic Itgand. the ligand is generally attached via 
one of the cart>on atoms of the organometallic Itgand. although attachnnent may be via other atoms for 
heterocyclic Iigands. Preferred organometallic Iigands include metallocene Iigands. including 
substituted derivatives and the metalloceneophanes (see page 1174 of Cotton and Wilkenson. supra). 
For example, derivatives of metallocene Iigands such as methylcyclopentadienyl, with multiple methyl 
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. b.ina oreferred such as pentamethylcyclopentadieoyl. can be used to increase the stalrility of 
are derivattzed. 

-J- iicAri Preferred combinations include: a) all 

AO wocr^rihPd herein any combination of ligands may be used. Kreierrea wi 

l^nds » a m«-e. These con,«na«ons a™ u, .p«se-«a.ve 3«,«u.s u.„, 

T^^.^r^SO^*'^'^ S»"«u,«20<us*g phenan,h,*eand a^no 
r^^l^Us.. ^1 <U3^ ^™c«» as n^aM.^ co„«,a«o, and 2. ,.s., 
cydopentadienyl and amino as repiesentative ligands). 

Stmcture 20 




Structure 21 



Structure 22 



-tias 



a p«fe™d embodU^a,. me ligands used m invenUon show -««d .uoroscn. prapertes 
depending «, me «do« s«,e o, «,e chelated n««l Ion. As deschted ««. «is mus s»ves as «, 
«ldlllonaln»de of detecUonoleleoron transfer mrough niKtocac.1. 

,„ a pretened embodln«n.. as Is ««»1b«. n»« h..., b«~. the llgand attaa-d to the n««lc ^1. 
anan«»g««patta=hedtoth.2'or3posllionofaHho.eoflh,*o«Hphosph«.l»c^ Th. 
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ligand may contain a multiplicity of amino groups so as to fomi a polydentate irgand which binds the 
metal ion. Other prefen^ed ligands include cyclopentadiene and phenanthroline. 

As described herein, the compositions described herein of nucleosides covalently attached to 
5 conductive oligomers may be incorporated into a Jonger nucleic acid at any number of positfons. 

including either the 5' or 3' terminus of the nucleic acid or any internal position. As is outlined below, 
this is generally done by adding a nucleotide with a covalently attached conductive oligomer to an 
oligonucleotide synthetic reaction at any position. After synthesis is complete, the nucleic acid with the 
covalently attached conductive oligomer is attached to an electrode. Thus, any number of additional 
10 nucleotides, nriodified or not may be included at any position. Alternatively, the compositions are 
made via post-nucleic acid synthesis modifications. 

The total length of the nucleic acid will depend on its use. Generally, the nucleic acid compositions of 
the invention are useful as oligonucleotide probes. As is appreciated by those in the art. the length of 
1 5 the prot>e will vary with the length of the target sequence and the hybridization and wash conditions. 
Generally, oligonucleotide probes range from about 8 to about 50 nucleotides, with from about 10 to 
about 30 being preferred and from about 12 to about 25 being especially preferred. In some cases, 
very long probes may be used. e.g. 50 to 200-300 nucleotides in length. 

20 Also of consideration is the distance between the nucleoside containing the electrode, i.e. a first 

electron transfer moiety, and the nucleoside containing a second electron transfer moiety. Electron 
transfer proceeds between the two electron transfer moieties. Since the rate of electron transfer is 
distance dependent, the distance between the two electron transfer moieties preferably ranges from 
at>out 1 to about 30 basepairs. with from about 1 to at>out 20 basepairs being preferred and from at)out 

25 2 to atx)ut 10 t>asepairs being particularly preferred and from about 2 to € being especially preferred. 

However. prot)e specificity can be increased by adding oligonucleotides on either side of the electron 
transfer moieties, thus increasing probe specificity without increasing the distance an electron must 
travel. 

30 Thus, in the structures depicted herein, nucleosides may be replaced with nucleic acids. 

In a preferred embodiment, the conductive oligomers with covalently attached nucleosides or nucleic 
acids as depicted herein are covalently attached to an electrode. Thus, one end or terminus of the 
conductive oligomer is attached to the nucleoside or nucleic acid, and the other is attached to an 
35 electrode. In some emtx)diments it may be desirable to have the conductive oligomer attached at a 
position other than a terminus, or even to have a branched conductive oligomer that is attached to an 
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.tectrode at one terminus and to two or more nudeosides at otKer tennW, alttwugh this is not 
p,efen«i. Simllan,, the conductive oligomer ma, t« attached « two sites to the electrode. 

By -etecrode- herein is mean, a composition, when connect*, to an etectrcnic de«ce. Is ahle 
,0 sense a current or charge and conven K to a sign,.. Thus, an eleCode is an el«a». tra.«(er 
^ ,s described herein. Preferr^. -ectodes are Known in the an and ^ude. bu, «. no. „n«ed 
,0 certain metals and th.iroxld.s.,ndudl., sou.: platinum: palMiu>« silicon; aluminum metal oxide 
e^ctrodes including p«inum oxide. «««>ium oxide. tin oxide, indium «n oxide, palladium oxide. sil,c«> 
oxide aluminum oxide. mCbdenum oxide (MoM). tmgSen oxide (WO.) and n.«,en,um oxides: and 
ca,t«,,includ»^ glassy ca.ton*fectn-.s.,,3Phit.andca,tonpa«^^^ P,.,en«. electrodes ,nc^ 
gold. Silicon, carbon and metal oxide electrodes. 

The electrodes described heroin are depicted as a flat surface, which is on^r one o. the possible 
conformations of the ^eCrode and is for schematic purposes on.y . The confom^ation of he e^e 
will vary with the detection method used. For example, flat planar electrodes may be preferrod for 
optical detection methods, or when arrays of nucleic acids are made, thus requiring addressable 
locations for both synthesis and detecUon. Alternatively, for single probe analysis, the electrode may 
be in the fom, of a tube, with the conductive oligomers and nucleic adds bound to the inner surface. 
This allows a maximum of surface area containing the nucleic acids to be exposed to a small volume 
of sample. 

The covalent attachment of the conductive oligomer containing the nucleoside may be accomplished 
in a variety of ways, depending on the etectrode and the conductive oligomer used. Generally, some 
type of linKer is used. asdepictedbe.owas-A"inStn.cture 23. wheroX«the conductive ol^^^^^^ 

and the hatched surface is the electrode: 

Structure 23 




,n this embodiment. A is a linker or atom. The choice of "A" will depend in part on the charactenst«s 
of the electrode. Thus, for example. A may be a sulfur moiety when a gold electrode .s used. 
Alternatively, when metal oxide etectrodes aro used. A may be a silicon (silane) moiety attached to the 
oxygen of the oxide (see for example Chen et al.. Langmuir 10:3332-3337 (1994); Lenhard et a... X 
eiectroanal. Chem. 78:195-201 (1977). both of which are exprossly incorporated by roferonce). When 



wo 98^0162 




PCT/US97/20014 - 



•31- 



carbon based electrodes ^re used, A may be an amino moiety (preferably a primary amine: see for 
example Deinhammer et al.. Langmuir 10:1306-1313 (1994)). Thus, preferred A moieties include, but 
are not limited to, silane moieties, sulfur moieties (including alkyi sulfur moieties), and amino moieties. 
In a preferred embodiment, epoxide type linkages with redox polymers such as are known in the art 
are not used. 

Although depicted herein as a single moiety, the conductive oligomer nnay be attached to the electrode 
with more than one "A" moiety: the ""A" moieties may be the same or different. Thus, for example, 
when the electrode is a gold electrode, and "A" is a sulfur atom or moiety, such as generally depicted 
below in Structure 27, multiple sulfur atoms may be used to attach the conductive oligomer to the 
electrode, such as is generally depicted below in Structures 24, 25 and 26. As will be appredated by 
those in the art. other such structures can be made. In Structures 24, 25 and 26, the A moiety is just a 
sulfur atom, but substituted sulfur moieties may also be used. 



Structure 24 

A 




Structure 25 

A 




Structure 26 

/ 
/ 




It should also be noted that similar to Structure 26. it may be possible to have a a conductive oligomer 
terminating in a single carbon atom with three sulfur moities attached to the electrode. 

In a prefen-ed embodiment, the electrode is a gold electrode, and attachment is via a sulfur linkage as 
is well known in the art, i.e. the A moiety is a sulfur atom or moiety. Although the exact characteristics 
of the gold-sulfur attachment are not known, this linkage is considered covalent for the purposes of 
this invention. A representative stmcture is depicted in Structure 27. Structure 27 depicts the "A" 
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«n.erasco.p.singiustasu..rato..aunoug.ac,..on^^ 
suHur to the conductive oligomer or substituUon groups). 



Structure 27 




. K Him^nt the electrode is a carbon electrode. ..e. a glassy carbon electrode, and 
,n a preferred embodiment, the electrode ^^^^^^^^^ ^^^cture is depicted. in Structure 28. 

attachment is via a nitrogen of an amine group. A representative struct 
Again, additional atoms may be present i.e. Z type linkers. 

Structure 28 

A 



A 
A 
A 



Stnjcture 29 




•nudMCKHl 



other atoms, i... b. a slicon n««ty ooot^ning subsMuOoo graups. 

,ho« in .h. a«. -ear-e, can made that have a ^ speoes of noa.« acu.. 
a single nudelc acid sequence, or mgWple nucleic acid species. 

,„ addition as outlin«. h«ein. me use o. a so«d support such as an electK»« enat-es the u«. o, 
rr™.p™-.n,na,,,,.™.Tneuseo,o^onuc,eo^ana^a«^^^ 
addition ,echni,uesa«lu««m tor -addn^aing- locations witl*. an «eet™» and (or »»s^^^ 
It^rot e^es Thus, in a p,e,e,«den^~n.. a„avso,d«e™n. nuc.«c^a«^ 
In on the etecttode. each o, Which a. content., attached » th. e«c.«d. v« a con*K.« 
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In this embodiment, the number of different probe species of oligonucleotides may vary widely, from 
one to thousands, with from about 4 to about 100,000 being preferred, and from about 10 to about 
10.000 being particularly preferred. 

In a preferred embodiment, Ihe electrode further comprises a passivation agent, preferably in the form 
of a monolayer on the electrode surface. As outlined above, the efficiency of oligonucleotide 
hybridization may increase when the oligonucleotide is at a distance from the electrode. A 
passivation agent layer tecilitates the maintenance. of the nucleic acid away from the electrode 
surface. In addition, a passivation agent serves to keep charge earners away from the surface of the 
electrode. Thus, this layer helps to prevent electrical contact between the electrodes and the electron 
transfer moieties, or between the electrode and charged species within the solvent Such contact can 
result in a direct "short circuit" or an indirect short circuit via charged species which may be present in 
the sample. Accordingly, the monolayer of passivation agents is preferably tightly packed in a uniform 
layer on the electrode surface, such that a minimum of "holes" exist. Alternatively, the passivation 
agent may not t^e in the form of a nrK)nolayer. but may be preserit to help the packing of the conductive 
oligomers or other characteristics. 

The passivation agents thus serve as a physical barrier to block solvent accesibility to the electrode. 
As such, the passivation agents themselves may in fact be either (1) conducting or (2) nonconducting, 
i.e. insulating. nrK)lecules. Thus, in one embodiment, the passivation agents are conductive oligomers, 
as described herein, with or without a terminal group to btock or decrease the transfer of charge to the 
electrode. Other passivation agents which may be conductive include oligomers of -(CF2)n-. -(CHF)„- 
and -(CFR)„-. In a preferred embodinrtent. the passivation agents are insulator moieties. 

An "insulator^ is a substantially nonconducting oligomer, preferably linear. By "substantially 
nonconducting" herein is meant that the rate of electi-on transfer through the insulator is slower than 
the rate of electron transfer through the stacked n-orbitals of double stranded nucleic acid. Stated 
differently, the electrical resistance of the insulator is higher than the electrical resistance of the nucleic 
acid. In a prefen-ed embodiment, the rate of electron transfer through the insulator is slower than or 
comparable to the rate through single stranded nucleic acid. Similarty, the rate of electron transfer 
through the insulator is preferrably slower tiian the rate through ihe conductive oligomers described 
herein. It should be noted however, as outlined in the Examples, tiiat even oligomers generally 
considered to be insulators, such as -(CHj),^ molecules, still may transfer electrons, albeit at a slow 
rate. 
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^«»nabou.10'aW «.n9P«fen«.. s«9e,.era,h,G,«...r«a,..supm. 

!^Lar iosuteto, molecle a«y conain a>omaec groups « on. or m<« conjugated bonds. By 
C^^,Cn . -nean. an a,Ky, ,™up *a. has . teas, ona .tete^a^m. ... n«»,«,^ox,gen. 

::,^«pnc™s.s»con.«™n^u<«.me*a...^.«-..--^^^ 
s,n.J» = ccoduc^eC^.v«h,haadd««,o.»««n»«n««oa«>n»orboods«,a.s«v... 

mniw or Slow, preferably subsBnBally. eteetron transfer. 

Tbe pass^ ag«,te. «UK.ing »,suU«o.s. n«y b. «*s«uted w«n R groups as de.,ted herein » 

„e .sute»r. For -^"^"'^ ;„ ,„„p to ,n,uence «e exposed 

"TTrni^nZrF™ =, Jr. may be nega,... cbarged groups on .be fenr-nus » 
:rC:Zredsurfecesucb.a.wben.benu^^^^A^^^^ 
^orp,eva«.d....g^.o^on.^su^^^^^ 

ag«,. teoninal groups induda -NH,. * and .be teber b«n, 

glycol, with -OCH,CH^H. -<OCH2CH20),H and -(OCtWJHPl.H be«.g p 

particularly preferred. 

^.J„u^ac«sb,^™o.eacc»s*tefe,h.so«n.ferbybnd«bon. 

Tb, monoteyer ™y comprtea a s^te .ype o, pass.««on agan. -u,a»rs. or <«fe.«. 



types. 



Su«abte are Known « dte a., and ^e. bu, are J°^^' „ 

KCfW,- e«,yteneglycolordedvab..suslngo»terbater.a««ns«ptecao.oxy,«......n«ro,e 

sulfur (sulfur dariva*«s are no. preferred when *a etecwd. is go«). 
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The passivation agents are generally attached to the electrode in the same manner as the conductive 
oligomer, and may use the same "A" linker as defined above. 

It has been found that the present compositions result in excellent hybridization kinetics of target 
5 sequence hybridizing to probes attached to a surface. Thus, the compositions and methods of the 
present invention may also be used in nucleic acid detection systems that do not rely on electron 
transfer for detection. 

Accordingly, in a preferred embodiment, the compositions of the present invention find use in standard 
10 nucleic add assays, such as general array-type technologies, i.e. the electrode may serve just as a 
soiki support, with detection proceeding using techniques well Known in the art. such as fluoroscence 
or radioisotope labelling. In this emt>odiment. the compositions may comprise a conductive oligomer 
covalently attached to a nucleoside or nucleic acid. It will be recognized by those in the art that the 
conductive oligomers in this embodiment may not be functioning as conductive oligomers but rather as 
15 linkers that can be used to keep the nucleic acids off the surface. The conductive oligomer, or linker, 
in this case may have the structure depicted in Structures 2. 3. 4. 9 or 10, However, when the linker 
has the structure depicted in Structure 9. preferably at least one of the G bonds is not atkane. 
particularly when m-O. 

20 In a preferred embodiment, the composition comprises (a) a soIki support comprising a monolayer of 
passivation agent, (b) a nucleic add comprising at least one nudeoskle. wherein the nucleic acid is 
covalently attached to the solid support with a tinker. The solid support is the electrode, which is not 
necessarily functioning as an electron transfer moiety in this emtx3dlmenL The monolayer of 
passivation agent is shown herein to result in excellent hybridization kinetics and can therefore be 

25 quite useful in both electron-transfer based and traditional nuciek: acid detection schemes. The linkers 
are preferably the conductive oligomers of the invention, although as outlined at}ove, they may not be 
functioning as conductive moieties. In this embodiment, the conductive oligomer, or linker, in this 
case, may have the structure depicted in Structures 2. 3. 4. 9 or 10. However, when the linker has the 
structure depicted in Structure 9. preferably at least one of the G bonds is not alkane, particularty 

30 when m=0. 

in this embodiment, it is possible to have each nudeic acid be the same, as an "anchor sequence**, 
such that a second sequence can be added which contains the probe sequence and a sequence 
complementary to the anchor sequence. In this way. standard arrays of using either the same or 
35 different anchor sequences can be made, which then can be used to generate custom arrays using 
novel probe sequences linked to complementary anchor regk>ns. 
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Thus ■« mis en,bo*nent compositions pn,vided comprising a conduct,. Corner co^len^^ 
I^Hr«. e,«*ade and to a firs, single s«nd«i anchor se<,uenc. A second s.ng« sWnded 
rri:ptrdw..hco„.insap,oOereg.nanda«gions„^~ 
anchor se,oence. sucH ««. a firs. ny.^.a«. comp«x >s '-^ ^'^^ 

anchor r^ions. leaving U,e p™be region as a '^'"^"^■^^^^ 
seouence which is si*sBntiall, complemenBry « me probe region iS «,en added K. torn, a s«»nd 
Z^Zn lp.. The second conx^x . »,en de»c«d. .o, exan,. ^ ^ 

the target nucleic acid as is well known in the art. 

JL^ pn*. sequences wid, .«»«d etearon «n.te, n»i«ies Upon brndmg o. e« «^e. 

.hrcon«ins a firs, domain fi. fi... prohe sequence and a second .arge. 
ZT^; .he second p~b. s«.u«^. w«ch ^ are ad,ac«,., elecuon »ns,« ma, occur. 

A».,™fiv«v i, ma, be m. »B« sequence which conBins me second ele«ron wnsfer r,K«e«r 
::r:i:rwtl ,.,1 arr^l^a^ion and .b«.ing o, ^ sequence, m. 

^ «bei^ a second elec«n .ansfer which men can be u.«> .o e«e« -ec«n 
transfer upon formation of the hybridization complex. 



nucleic add. 



in one «*od^. a nu*. aCd . .™.«ed -m more man - "^^^^^^ a 

e«a..,^«^»»..--^7-^-;;r-:3rr:;^^ 

plurast, of electron transfer moieties ma, be used SeePCTpui»« ,,.,«~„«»sfcr 

L colctive c*gom« ma, be attached m an interna, nucteo-de. w* «cond^^ 

moieties ,e™, attached bom 5' and 3' tome n„c,«»id.con«ningm.cond.^o,^»« 

,ene.a,l, depi«edU, Structure 29/. In ^ ernbodim-* me .wo ««i.ion.. -ec«n 
rnrmeLmea„darep«cedm..»n.di«»«a«,»ommeconduc.*«..ig«ner.»r.suU-a 
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uniform signal. Alternatively, the additional electron transfer moieties may be different and/or placed at 
different distances from the conductive oligomer. 

Structure 29A 




ETM 



(nucteoside)n 



F, X Fj 



(nucfeosiiSe)n 
6TM 



The tenns "electron donor moiety", "electron acceptor moiety", and "electron transfer moieties" or 
grammatical equivalents herein refers to molecules capable of electron transfer under certain 
conditions. It is to be understood that electron donor and acceptor capabilities are relative; that is. a 
molecule which can lose an electron under certain experimental conditions will be able to accept an 
electron under different expehmental conditions. It is to be understood that the number of possible 
electron donor moieties and electron acceptor moieties is very large, and that one skilled in the art of 
electron transfer compounds will be able to utilize a number of compounds in the present invention. 
Preferred electron transfer moieties include, but are not limited to. transition metal complexes, organic 
electron transfer moieties, and electrodes. 



In a preferred embodiment, the electron transfer moieties are transition metal complexes. Transition 
metals are those whose atoms have a partial or complete d shell of electrons. Suitable transition 
metais for use in the invention are listed above. 



The transition metals are complexed with a variety of ilgands. L, defined above, to form suitable 
transition metal complexes, as is well known in the art. 



In addition to transition metal complexes, other organic electron donors and acceptors may be 
covalently attached to the nucleic add for use in the invention. These organic nrK>lecules include, but 
are not limited to, riboflavin, xanthene dyes, azine dyes, acridine orange. A/.A/'-dimethyl-Z,?- 
diazapyrenium dichloride (OAP^^). methylvtologen. ethidium bromide, quinones such as N.N*- 
dimethylanthra(2. 1 .9-def.6,5. 1 0-d'e Y^diisoquinoline dichk^ride (ADI *); porphyrins ([nieso-tetrakis(N- 
meUiyl-x-pyridinium)porphyrin tetrachloride], variamine blue B hydrochloride, Bindschedler's green; 
2.6-dichioroindophenol. 2,6-dibromophenolindophenol; Brilliant crest blue (3-amtno-9-dimethyt-amino- 
10-methylphenoxyazine chloride), methylene blue; Nile blue A (aminoaphthodiethylaminophenoxazine 
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sulfate) indigo-5.5\7.7'-tetrasulfonic acid. indigo-5.5\7-trisulfonic acid; phenosafranine. indigo-S- 
monosulfonic acid; safranine T; bis{dimethylglyoximatoHron(ll) chloride: induline scarlet, neutral red. 
anthracene, coronene. pyrene. 9-phenylanthracene. rubrene. binaphthyl. DPA. phenothiazene. 
fluoranthene. phenanthrene. chrysene. i.8-diphenyl-1.3.5.7-octatetracene. naphthalene, 
acenaphthalene. perylene. TMPD and analogs and subsitltuted derivatives of these compounds. 

in one embodiment, the electron donors and acceptors are redox proteins as are known in the art. 
However, redox proteins in many embodiments are not preferred. 

The choice of the specific electron transfer moieties will be influenced by the type of electron transfer 
detection used, as is generally outlined below. 

in a preferred embodiment, these electron transfer moieties are covalently attached to the nucleic acid 
in a variety of positions. In a preferred embodiment, the attachment is via attachment to the base of 
the nucleoside, or via attachment to the backbone of the nucleic acid, including either to a ribose of the 
ribose-phosphate backbone or to a phosphate moiety. In the preferred embodiments, the 
compositions of the invention are designed such that the electron transfer moieties are as dose to the 
-n-way as possible without significantly disturbing the secondary and tertianr stmcture of the double 
helical nucleic acid, particularly the Watson-Crick basepairing. Aitemauvely. the attachment can be 
Via a conductive oligomer, which is used as outlined above with a nucleoside and an electrode, that .s. 
an electron transfer moiety may be covalently attached to a conductive oligomer at one end and to a 
nucleoside at the other, thus forming a general structure depicted in Structure 30: 



A 



Stnjcture 30 

I 



in Structure 30. ETM is an electron transfer moiety. X is a conductive oligomer, and q is an integer 
from zero to about 25. with preferred q being from about 2 to about 10. Additionally, linker rnoie.es. 
for example as are generally described herein as 'T. may also be present between the nucleosKle 
and the conductive oligomer, and/or between the conductive oligomer and the electron transfer 
moiety. The depicted nucleosides may be either tem,inal or internal nucleosides, and are usually 
separated by a number of nucleosides. 
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In a preferred embodiment, the second electron transfer moiety is attached to the base of a 
nucleoside, as is generally outlined above for attachment of the conductive oligomer. ^ This is 
preferably done to the base of an internal nucleoside. Surprisingly and unexpectedly, this attachment 
does not perturb the Watson-Crick t)asepairing of the base to which the electron transfer moiety is 
5 attached, as long as the moiety is not too large. In fad, it appears that attachment at this site actually 
results in less perturbation than attachment at the ribose of the ribose-phosphate backbone, as 
measured by nucleic ackJ melting curves. 

Thus, when attachment to an intemal base is done, the size of the second electron transfer moiety 
10 should be such that the structure of double stranded nucleic acid containing the base-attached 
electron transfer moiety is not significantly disrupted, and will not disrupt the annealing of single 
stranded nucleic acids. Preferrably, then, ligands and full second electron transfer moieties are 
generally smaller than the size of the major groove of double stranded nucleic acid. 

15 Alternatively, the second electron transfer moiety can be attached to the base of a terminal nucleoside 
Thus, when the target sequence to be detected is n nucleosides tong. a probe can be made which has 
the second electron transfer moiety attached at the n base. Alternatively, the prot>e may contain an 
extra terminal nucleoside at an end of the nucleic acid (n ^ 1 or n ^ 2). which are used to covalentiy 
attach the electron transfer moieties but which do not participate in basepair hybridization. 

20 Additionally, it is preferred that upon probe hyt>ridization, the terminal nucleoside containing the 
electron transfer moiety covalentiy attached at the base be directly adjacent to Watson-^^rick 
basepaired nucleosides; that is. the electron transfer motety should be as close as possible to the 
stacked n-orbitals of the bases such that an electron travels through a minimum of o t>onds to reach 
the '*n-way'*, or alternatively can otherwise electronically contact the n-way. 

25 

The covalent attachment to the base will depend in part on the second electron transfer moiety 
chosen, but in general Is similar to the attachment of conductive oligomers to bases, as outlined 
at>ove. In a preferred embodiment, the second electron transfer moiety is a transition metal complex, 
and thus attachment of a suitable metal ligand to the base leads to the covalent attachment of the 
30 electron transfer moiety. Alternatively, similar types of linkages may be used for the attachment of 
organic electron transfer moieties, as wilt be appreciated by those in the art. 

in one embodiment, the C4 attached amino group of cytosine. the C6 attached amino group of 
adenine, or the C2 attached amino group of guanine may be used as a transition metal ligand. 
35 although in this embodiment attachment at a terminal t>ase is preferred since attachnnent at these 
positions will perturb Watson-Crick t>asepairing. 
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ygands containing aromatic groups can be attached via acetylene linkages as is known in the art (see 
comprehensive Organic Synthes.s. Trost et a... Ed.. Pergamon Press, Chapter 2.^^Ccupm 
Reactions Between sp^ and sp CartK>n Centers. Sonogashlra. pp521-549. and pp950.953. herBby 
incorporated by reference). Structure 31 depicts a representative structure in the presence of the 
metal Ion and any other necessary llgands; Structure 31 depicts uridine, although as for all the 

stmctures herein, any other base may also be used. 

Structure 31 




U , «gand. ^ ma, „«™gen. oxygen. su«ur or phosphors dcnaUng ligands o, 
^LoL^c <^^ soch » me«.»=eno «gaods. K ligands bu, no, Um«ed ». 

ZlCne.fn.^..pyand»n^.L,andMa« '^^■^:LZI^ 
I ^ ,„ m. a«. a cond^Cve .-Igo a, 0. ,n=*^ b.«aen .he nuCeo^de and ^ 

transfer moiety. 

Similart, as io, «,e conduc*. «.g»n.r.. «e Kn«ge ma, be done u«n9 . UnKer, which ma, o,»« an 
bimiiany. a& lui ui i-ii.70^>l.7226 (1989); Telser et al.. J. 

amldellnkage(seegenerallyTelseretal.. J. Am.Chem.Soc. 111.7221 J' 
Am Chem Soc 1117226-7232 (1989). bothofwhichareexpresslymcorporated by reference). 

Tesest:;:'.^^^^^^^ 

although as above, the other bases may also be used: 

Structure 32 




,„,«sen,Oo<..m«,.LisaUgand as denned aOo.e,w.hU.ndM„d-ined,h««.. we.,. 
Preferably. L is amino, phen. byp and terpy. 
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In a preferred embodiment, the second electron transfer moiety attached to a nucleoside is a 
metallocene; i.e. the L and 1^ of Structure 32 are both metallocene ligands. as described above. 
Structure 33 depicts a preferred emt>odtment wherein the metallocene is ferrocene, and the base is 
uridine, although other bases may bemused: 



Preliminary data suggest that Structure 33 may cyclize. with the second acetylene cartx>n atom 
attacking the cart>onyl oxygen, forming a furan-Hke structure. 

Preferred metallocenes include ferrocene, cobaltocene and osmiumocene. 

Thus, in a preferred embodiment, the invention provides metallocenes covalently attached to 
nucleosides. In a preferred embodiment, the metallocene is attached to the base of a nucleoside. In 
alternate preferred embodiment, the metallocene is attached to the ribose of a nucleoside. 
Alternatively, the metallocene may be attached to the phosphate of the backbone, although this is 
generally not preferred. If attachment is to the phosphate, generally there will be no more than about 
2-4 atoms t>etween the phosphate atom and a carbon of a ring of the metallocene. In a preferred 
embodiment, the metallocene is ferrocene or substituted ferrocene. 

In a preferred embodiment, the second electron transfer moiety is attached to a hbose at any position 
of the ribose-phosphate backbone of the nucleic acid, i.e. either the 5' or 3* terminus or any internal 
nucleoside. As is known in the art. nucleosides that are modified at either the 2' or 3* position of the 
ribose can toe made, with nitrogen, oxygen, sulfur and phosphorus-containing modificatbns possible. 
Amino-modified ribose is preferred. See generally PCT publication WO 95/15971. incorporated herein 
by reference. These modification groups may be used as a transition metal ligand. or as a chemically 
functional moiety for attachment of other transitbn metal ligands and organonietailic ligands, or 
organic electron donor moieties as will be appreciated by those in the art. in this embodiment, a linker 
such as depicted herein for "Z" may t>e used as weit. or a conductive oligomer between the libose and 
the electron transfer moiety. Preferred enritx)diments utilize attachment at the 2' or 3* position of the 
rit>ose. with the 2* position being preferred. Thus for example, the conductive oligomers depicted in 



Structure 33 



o 
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SmK«.« 13 14 an« 15 ™, be replaced e>,c,™n «ns«, m»*»es; a«.™«.e,y. as is depi^ In 
Structure i t» a"" » terminus of the conductive 

Structure 30. the electron transfer moiet.es may be added to the free tem..n 



oligomer. 



. ♦ o m^taiiQcene serves as the second electron transfer moiety, and is 



mLo^x^-^ — ■ ^ 

a preferred compound when the metailocene is ferrocene. 

Structure 34 




Amine linkages, or linkages via other heteroatoms. are also possible. 

.ra, M added to the free terminui of «» conduOive Oligomer. 

P,e,«,edelec.ron«.sf.r,no«d.,f»«^a.»cl,™-»'^^^ 

are ,».IWted to. «n.l«onn«tal «=»K.I.9.neta«oce^sa^^^^ 

..^as -r^^ceneophana. .-co-P—of «u. Os. Raa,. - ^^^"'^-^tTdclpI*... 
fc^ce.^ and its de,i«tlves (parsculart, pentamefnyKe-rocene and ferroceiieopna^^ 

. - - ~, Bu OS Re and Pt containing one or more amme or polyanune. 
oftiansllionnietalsncludingRu.Os.ReandWco IB s . .^^atKres For PI additional 

m6,^o>e. phen^hroune. pyrtdin.. bipyridine and or .erp,nd,ne and the,r ^^ 
preferred l^s in*d. tbe dnn-ne d«.«ate oomp,«..s s«n as ^^2.y.^ 
complexes. 
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transfer moiety covalently attached. Any combination of positions of electron transfer moiety 
attachment can be made; i.e. an electrode at the 5* terminus, a second electron transfer moiety at an 
internal position; electrode at the 5' terminus, second moiety at the 3' end; second moiety at the 5' 
terminus, electrode at an internal position; both electrode and second moiety at internal positions; 
5 electrode at an intemal position, second moiety at the 3* terminus, etc. A prefen-ed embodiment 
utilizes both the electrode and the second electron transfer moiety attached to internal nucleosides. 

The compositions of the invention may addltk>nally contain one or more labels at any position. By 
"label" herein is meant an element (e.g. an isotope) or chemical compound that is attached to enable 

10 the detection of the compound. Preferred labels are radioactive isotopic labels, and colored or 

fluorescent dyes. The \abe\s may be incorporated into the compound at any position. In addition, the 
compositions of the invention may also contain other moieties such as cross-linking agents to facilitate 
cross-linking of the target-probe complex. See for example, Lukhtanov at al., Nucl. Acids. Res. 
24(4):683 (1996) and Tabone et al.. Biochem. 33:375 (1994), both of which are expressly incorporated 

15 by reference. 

The compositbns of the invention are generally synthesized as outlined below, generally utilizing 
techniques well known in the art. As will be appreciated by those in the art many of the techniques 
outlined below are directed to nucleic ackJs containing a ribose-phosphate backbone. However, as 
20 outlined above, many alternate nucleic acid analogs may be utilized, some of which may not contain 
either hbose or phosphate in the backbone, in these embodiments, for attachment at positions other 
than the base, attachment is done as will be appreciated by those in the art, depending on the 
backbone. Thus, for example, attachment can be made at the carbon atoms of the PNA backbone, as 
is described below, or at either temninus of the PNA. 



The compositions may be made in several ways. A preferred method first synthesizes a conductive 
oligomer attached to the nucleoside, with addition of additional nucleosides foltowed by attachment to 
the electrode. A second electron transfer nnoiety, if present, may be added prior to attachment to the 
electrode or after. Alternatively, the whole nucleic acid may be made and then the completed 
conductive oligomer added, followed by attachment to the electrode. Alternatively, the conductive 
oligomer and nronolayer (if present) are attached to the electrode first, followed by attachment of the 
nucleic acid. The latter two methods may be preferred when conductive oligomers are used which are 
not stable in the solvents and under the conditions used in traditional nucleic acid synthesis. 



25 



35 



In a preferred embodiment, the compositksns of the invention are made by first forming the conductive 
oligomer covalently attached to the nucleoside, followed by the addition of additk>nal nucleosides to 
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^ , add. incudin,. « P«sen,. a nu«eosi.e ccn«,n,ng a second e,ecuo. »a„s.er 

. . „. ,h« conductive oligomer B me nucleoside may be done in several ways. Ir a 

"T^mtTo t« o, L condwc^ve oligomer . syn«asi»d ^ ^ ' 

r: ™ 2 e dTanaC-en. lo me a,e«roda>. w«c. . a«ached .0 «« 

f„™*onal group on the end lb ^ „ ^ 

additional nucleosides and attachment to the electrode. 

. tnn« of a preferred embodiment is depicted in Figure 1. using a phenyl-acetylene oligomer 
A genera, outhne of a prefened ^ ^^^^ ^ ^^^^ ^^^^^^ 

usmg alkene or acetylene t«nds are made as is known in the art. 

The conduc^e Oligomer is then atU,chedtoanu.eoside that may contaioone(ormor^^ 

oligomer units, attached as depicted herein. 

,„,p,e.e™d«n.^iman.a..a=nm.ntis.o,r^o,me.i^.^-^^^ 

^--TT'ra^rrirnr^ 
r«:^:rs;as-.™-p.---"-"r'"r„r'^'"""°""'" 

. «««r A reoresentative synthesis is Shown m Figure 16. 
of the conductive oligomer. A representauvc y 

» ohn«hate of the ribose-phosphatebacKbone. Examples of two 

,„.p,e.e„««r^l™nt«..c..««'.vlama.«sa Agenerai^e™^^^^ 

. ^-iH- and a nhenvlene-acetylene conductive Oligomer. Aswinoe 
usmg u,.«» as .h. ^ J,, 3S dep^d in ^ 12. using 

^^ -.^ •;^^^„':;:^:,„^,„^, protec^ng groups ™y b. added to .Ka 

rrrd:rrc:::duro^«..asisgenera.ou«^ia.^iBand. 
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addltion. the palladium cross-coupling reactions may be altered to prevent dimerization problems; i.e. 
two conductive oligomers dimerizing, rather than coupling to the base. 

Alternatively, attachment to the base may be done by making the nucleoside with one unit of the 
oligomer, followed by the addition of others. 

Once the modified nucleosides are prepared, protected and activated, prior to attachment to the 
electrode, they may be Incorporated into a growing oligonucleotide by standard synthetic techniques 
(Gait. Oligonucleotide Synthesis: A Practical Approach, IRL Press, Oxford. UK 1984; Eckstein) in 
several ways. In one embodiment, one or more modified nucleosides are converted to the 
triphosphate form and incorporated into a growing oligonucleotide chain by using standard molecular 
biology techniques such as with the use of the enzyme DNA polymerase !. T4 DNA polymerase, T7 
DNA polymerase, Taq DNA polymerase, reverse transcriptase, and RNA polymerases. For the 
incorporation of a 3' modified nucleoside to a nucleic acid, terminal deoxynucleotidyltransferase may 
be used. (Ratliff, Terminal deoxynucleotidyltransferase. In The Enzymes, Vol 14A. P.O. Boyer ed. pp 
105-118. Academic Press, San Diego. CA. 1981). Alternatively, and preferably, the amino nucleoside 
is converted to the phosphoramidite or H-phosphonate form, which are then used in solid-phase or 
solution syntheses of oligonucleotides. In this way the modified nucleoside, either for attachment at 
the ribose (i.e. amino- or thiol-modified nucleosides) or the base, is incorporated into the 
oligonucleotide at either an internal position or the 5' terminus. This is generally done in one of two 
ways. First, the 5' position of the ribose is protected with 4\4-dimethoxytrityl (DMT) followed by 
reaction with either 2-cyanoethoxy-bis-diisopropyiaminophosphine in the presence of 
diisopropylamnnonium tetrazolide. or by reaction with chlorodiisopropylamino 2 - 
cyanoethyoxyphosphine. to give the phosphoramidite as is known in the art; although other techniques 
may be used as will be appreciated by those in the art See Gait, supra; Caruthers, Science 230:281 
(1985), both of which are expressly incorporated herein by reference. 

For attachment of an electron transfer moiety to the 3' terminus, a preferred method utilizes the 
attachment of the modified nucleoside to controlled pore glass (CPG) or other otigomeric supports. In 
this embodiment, the modified nucleoside is protected at the 5* end with DMT. and then reacted with 
succinic anhydride with activation. The resulting succinyl compound is attached to CPG or other 
oligomeric supports as is known in the art. Further phosphoramidite nucleosides are added, either 
modified or not, to the 5' end after deprotection. Thus, the present invention provides conductive 
oligomers covalently attached to nucleosides attached to solid oligomeric supports such as CPG, and 
phosphoramidite derivatives of the nucleosides of the invention. 
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™ srcwin, nuC«= 3C« *a,n n«, a«o con,p.^ a. leas, one nuc.eca«e * 
IILe,.Ln«n„a,n^.,. As .escribed he.in, ™..e. nuclides w*=ova,eo.ly«3^ 
^ .,e«ron uansfer «le«es nnay be made, and lncorpo«.ed imo «« nud»c aod » ou«^ 
TTJr *e cordu«lve oHgomer-nuCeosides. When a .rans«ion ™tal comptex ,s ««. as 
r ."a^a:^: r... s,n.es. ma, occ, . save., ways. In a p«.«rad en«od^U« 
.„ , nudeoskle follo«ed by the transMon meBI Ion. and man the nucleoside w* 

r— it^:::nrL.a««.ia„..^--..-»vad 

^nrs^^ Mernauve,. me ,«and,s, ma, b. anached. -bl^d b, ^=c.=orta^n ,n» a ,™«ng 
oligonueleollda chain, (ollowed by the addition of the metal ion. 

K ..ir^ls ls«n.«lly done as Is outlined m PCT pubUc«lon SO 95/1697,. usm, amino- 
:I:i^,Tl. the 2. «3. potion o, the hW. The amino 9^ may then be used 

bond to the ribose. 

phosphate '^^^'^^"^ ^ 95,,5971. or can be done in a s.mrtar 

phosphoramiditc bonds, see generally • puoin- hw a transition 

L„erto.h3.d.picted«Fl9u-as4and5.«h«,.h.oonductlv.ol,on«r»™p.ac««bya.rans«ion 

metal llsand oc complex or an organic etedfon iransw mo«ty. 

Mtachmen. to a»«nate bad*-,., tbr ex.,^ pep«d. nuc^ ac«s or alternate phosphate ,.Ka,es 
will be done as v»ll be appreciated by those In the an 

.nap,..err«.«nbodlm.nt..«c.rcn.rans.a,m.««a,.a.-edt„a.^^^^ 

w - «o„»ri*MQfwavs in one embodiment amino groups Of the base, either naiuray 
may be done in a vanety or ways, m -i»hor 9« tiaands for 

(or ««mple via an amide linkage, or organic electron transfer mo«,«s. Th» « don. as «« be 
for example VB an ^,„,^|„ „^ides containing halogen atoms attach^l to the 

r:::rrrr:tra:rbi:Acet,»ne«.d^^m.ybead^ 

l::::;::^ bL. a. « ,ene««. Know. se. ^..»np.e. Tzalis et T«r-«d,on Latt. 
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36(34):601 7^020 (1995); Tzalis et al.. Tetrahedron Lett. 36(2):3489.3490 (1995); and Tzalis et al., 
Chem. Communications (in press) 1996, all of which are hereby expressly incorporated by reference. 
See also the examples, which describes the synthesis of a metallocene attached via an acetylene 
linkage to the base. 

In one embodiment, the nucleosides are made with transition metal ligands, incorporated into a nucleic 
acid, and then the transition metal ion and any remaining necessary ligands are added as is known in 
the art. In an alternative embodiment the transition metal ion and additional ligands are added prior to 
incorporation into the nucleic acid. 

In some embodiments, as outlined herein, conductive oligomers are used between the second 
electron transfer moieties and the nucleosides. These are made using the techniques described 
herein, with the addition of the terminal second electron transfer moiety. 

Once the nucleic acids of the invention are made, with a covalently attached conductive oligomer and 
optkjnally a second electron transfer moiety, the conductive oligomer is attached to the electrode. The 
method will vary depending on the type of electrode used. As is described herein, the conductive 
oligomers are generally made with a tenminal "A" linker to facilitate attachment to the electrode. For the 
purposes of this application, a sulfur^old attachment is considered a covalent attachment 

In a preferred embodiment conductive oligomers are covalently attached via sulfur linkages to the 
electrode. However, surprisingly, traditional protecting groups for use of attaching molecules to gold 
electrodes are generally ideal for use in botti synthesis of the compositions described herein and 
inclusion in oligonucleotide synthetic reactions. Accordingly, the present invention provides novel 
methods for the attachment of conductive oligomers to gold electrodes, utilizing unusual protecting 
groups, including ethylpyridine. and tiimethylsilylethyl as is depicted in the Figures. 

This may be done in several ways. In a prefen-ed embodiment the subunit of the conductive oligomer 
whrch contains the sulfur atom for attachment to the electrode is protected with an ethyl-pyridine or 
trimethylsilylethyl group. For the former, this is generally done by contacting the subunit containing the 
sulfur atom (preferably in the form of a sulfhydryl) with a vinyl pyridine group or vinyl trimettiylsilylethyl 
group under conditions whereby an ethylpyridine group or tiimethylsilylethyl group is added to the 
sulfur atom. 

This subunit also generally contains a functional moiety for attachment of additional subunits, and thus 
additional subunits are attached to form the conductive oligomer. The conductive oligomer is then 
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attached to a nucleoside, and addi^onal nucleosides attached. The protecting group is then removed 
and the sulfur^Cd covalent attachment is made. Alternatively, all or part of the conductive oligomer Is 
n«de and then either a subunit containing a protected sulfur atom is added, or a sulfur atom is added 
and then protected. The conductive oligomers then attached to a nucleoside, and additional 
nucleosides attached. Alternatively, the conductive oligomer attached to a nucleic acid is made, and 
then either a subunit containing a protected sulfur atom is added, or a sulfur atom is added and then 
protected. Alternatively, the ethyl pyridine protecting group may t>e used as above, but removed after 
one or more steps and replaced with a standard protecting group like a disulfide. Thus, the ethyl 
pyridine or trimethylsilylethyl group may serve as the protecting group for some of the synthetK: 
reactions, and then removed and replaced with a traditional protecting group. 

By -subunit- of a conductive polymer herein is meant at least the moiety of the conductive oligomer to 
which the sulfur atom is attached, although additional atoms may be present, including either 
functional groups which allow the addition of additional components of the conductive o«gomer. or 
additional components of the conducive oligomer. Thus, for example, when Stn^cture 2 oligomers are 
used, a subunit comprises at least the first Y group. 

A p^ferreo ™,ho<. con,pn»es 1 , 3ddirg ,n e«,„ P,n<.«e or mmemytei W p™«*, ,roup «. a 
.uL a»m a«ach.d » a subuni. o. a oonduOK-e oKgo,«r. gen.-., dona by adding a v«,. 
;,la 0, .„.e,n,.«,..h,. group .o a su«H,d^.; 2, addU^ add«iona, » .o™ «e ccnduc^e 

o,lgon«r.3,add,,,9a.ieas.ar«.n,K»»«.»«e=ooducd«o«90r»r.4,«««nga«^ 
„lcaMea u, me firs, nuclao*^ » ««™ a nuo«c .c«; 5, a«ach»,g «-e coodu=u« ^ 
goMetec»ode. TWsma,alsob.don.lnth.ab.enceo.,H,claosldes.aslsd.scnb«.,...h. 

Examples. 

Tb, ab<«e metlxK. n«y atto b. used «. «Wh passK«tlon nK*cules 10 a gcM .1^ 

,„ a p««r«. embodlmert. a .no^« of P.~iva«ob agen« = added ,o »» etec^de OM 

e» of addHloo Simlter » or «,e same as .be add»k,n of conduc*, or^ to «,e 

e,«*o-e, I... using a su«ur aten, for a»acbme« lo a go« e.«*ode. «c. Ccmpos«*x« ccj«»ng 

™««,«s in addlbon » conducUve oligomers covalenU, a«a=bed ,o rucl«c 

«»^Lond elecuon bansfar n»le«.s, m„ be made In a. leas, one of «a,s: ,„ a*.*on o, 

nK^er, Allowed b, subsequen. addlbon of ».e conduc.i.e ollgom«.nueleic add comp^ (2 

eddlHon o.me conduc»v, oHgo^r-nuCelc add comp«x flowed by •«'*-<>'"^ 

»mu»aneous addl»on of .be monolayer and conducive o.lgom„^u=l«o ^ co^. (4) .orm««.n o, 

a mooolayar (using any of 1 . 2 or 3) ««* IncMlaa ~nduc«« ougomars wblob tenn«^ 
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functional moiety suitable for attachment of a completed nucleic add; or (5) formation of a monolayer 
which includes conductive oligomers which terminate in a functional moiety suitable for nucleic acid 
synthesis, i.e. the nucleic acid is synthesized on the surface of the monolayer as is known in the art. 
Such suitable functional moieties include, but are not limited to. nucleosides, amino groups, carboxyl 
5 groups, protected sulfur moieties, or hydroxyl groups for phosphoramidite additions. The examples 
descht>e the formation of a monolayer on a gold electrode using the preferred method (1). 

In a preferred embodiment, the nucleic acid is a peptide nucleic acid or analog. In this embodiment, 
the invention provides peptide nucleic acids with at least one covalentiy attached chemical substituent. 

10 By **chemical substituent" herein is meant any chemical or biological moiety. Preferred chemical 

substituents include, but are not limited to. chemical functional moieties such as amino groups, thiol 
groups, carbon atoms, etc.. which can be used to attach other moieties; labels; signaling moieties 
which can be used for detection; etc. Accordingly, chemical substitutents include, but are not limited 
to. electron transfer moieties, including electrodes, transition metal complexes, and organic electron 

15 transfer moieties; other transition metal complexes; other labels including fluorescent labels. 

radioisotope labels and chemiluminescent labels; haptens such as biotln. avidin. and digoxlgenin; 
antigens; proteins such as antibodies, ligands. receptors, and enzymes; conductive oligomers and 
other polymers; and other components of binding pairs such as nucleic acids. 

20 In a preferred embodiment, the chemical substituents are covalentiy attached to an monomeric subunit 
of the PNA. By "monomeric subunit of PNA" herein is meant the -NH-CH2CH2-N{COCH2-Base)-CH2- 
CO- monomer, or derivatives (herein included within the definition of "nucleoside**) of PNA. For 
example, the numk>er of cartx)n atoms in the PNA backbone may be altered; see generally Nielsen et 
al.. Chem. Soc. Rev. 1997 page 73, which discloses a number of PNA derivatives, herein expressly 

25 incorporated by reference. Similarly, the amide bond linking the base to the t)acktK)ne may be altered; 
phosphoramide and suifiiramide bonds may be used. 

In a preferred embodiment, the chemical substituents are attached to an internal monomeric subunit. 
By "intemai" herein is meant that the monomeric subunit is not either the N-tenninal monomeric 
30 subunit or the C-terminai monomeric subunit 

In this embodiment, the chemical substituents can be attached either to a base or to the backbone of 
the monomeric subunit In a prefen^ed embodiment, at least one chemical substituent is attached to an 
internal base. Attachment to the base is done as outlined herein or known in the literature. In general, 
35 the chemical substituents are added to a base which is then incorporated into a PNA as outlined 
herein. The base may be either protected, as required for incorporation into the PNA synthetk: 
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a«««irts P«««tion and denvatizafcn of me bases is shown ,nF«ures 24-27. The b«« can Ihen 
^^««<. .n» n^nc^nc ^ as snown . Rgure 2.. P«^« and 30 d««N« 
r»Z. chen^ca, subs«uen,s. an elec^on «nsfer n»te.y and a conduc*. o»90mer. attached a, a 

C 2. dep.« a .^n.,.e s,n.es,s o, a PNA n»»nw<c .u.un« - a *™c^ 
^Joaurac»base.F^-30dep«s»«s,n««s,.o.am«uni,cond.c»«o,^m.,attach.d 



to a uracil base. 



,„ 3 p..ened en.^in«n. m. cnen,^ sub««««n» a« cova-o-, a.«n^ «. 

PNA n-onomer. The attachn-n. ,s ,en«al.y » on. o. me un,uW«uttd c»bon aBn- ^ me 

ILn»Hc«*un^P~^.«»a^o,mehac«»ne.,s.d.p^lnF<^^ 

a«^^ attachment a, .Hher o. m. c«hon , or 2 posHtons. « me a«rt»n o. me ^^^^J^^ 
^„m. bacKbonen^ybedone. .nmec,s.o.PNAanate9S.omerca«ons«,a,on«ma, »e 

It^aaw-.. ,nap«.^.n*od«-n.che^isubs.u«««eadd,da,mea^Hx.n 

aBms. eWier to a temnal monomertc subuml or an intenal one. 

m m^ «nbod,n»nt a n«d«ed n^n^hc subun« ,s synmes^ed w«h a <^'-^;^^"^' 
..notional oroup for «. attachment and men me base is added and me moddiad monomer can be 

of a ferrocene attached to me backbone of a monomeric sgbonit 

once generated, me mo.»m.nc subun.. ««• co««n., attached '*--^' "^,.,2082 
into a PNA usms me techniques oottined in VWI et .1.. Tetrahedron 51(44).12069 12082 
mX^V^^ et . T«. La. 3»^9-2252 „»7,. bom 0, ^ are harebyexpresst, 
;X2..^ma.en.,e.. TMse^ocedu™s«o.m. addition o,ch.h*a.,.bsti.uents to pepttde 
nucleic acids without destroying the chemical substituents. 

,0 3 preferred en*odi™nt chen*a. sub«^.s omer man e^n «nsfer m^ and ttansitio^ 
™Jcomp.e«s»e attached .oe»h«or»om Of me basesof me .enn,na.nK™^^^ 

mi. embodiment, preferred chemica. »>b«i.uent. inCude .uoroscent. rad,o«otope and 

chemiluminescent labels. 

AS wili be appreciated b, mose in me art. eiectrodes ma, be mad. mat have any ««tt»nati.=n - 
mToonduottve^^omersandpassiva^n.^. Thus. a vahe., o, conduct™, 
ongom.™ or passivatton agents ma, b. used on a sinsle electrod.. 
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Once made, the compositions find use in a number of applications, as described herein. 

In a preferred embodiment, the compositions of the invention are used as prol>es in hy bridization 
assays to detect target sequences in a sample. The term "target sequence" or grammatical 
equivalents herein means a nucleic acid sequence on a single strand of nucleic acrd. The target 
sequence may be a portion of a gene, a regulatory sequence, genomic DNA, cDNA. RNA including 
mRNA and rRNA or others. It may be any iength, with the understanding that longer sequences are 
more specific. As will be appreciated by those in the art. the complementary target sequence may 
take many forms. For example, it may be contained within a larger nucleic acid sequence. I.e. all or 
part of a gene or mRNA. a restriction fragment of a plasmid or genomic DNA, among others. As Is 
outlined more fully below, probes are made to hybridize to target sequences to determine the 
presence or absence of the target sequence in a sample. Generally speaking, this term will be 
understood by those skilled in the art 

If required, the target sequence is prepared using known techniques. For example, the sample may 
be treated to lyse the cells, using known lysis buffers, electroporation. etc., with purification and/or 
amplification occuring as needed, as will be appreciated by those in the art. 

The probes of the present invention are designed to be complementary to the target sequence, such 
that hybridization of the target sequence and the probes of the present invention occurs. As outlined 
below, this complementarity need not be perfect; there may be any number of base pair mismatches 
which will interfere with hybridization between the target sequence and the single stranded nudeic 
acids of the present invention. However, if the number of mutations is so great that no hybridizatton 
can occur under even the least stringent of hybridization conditk)ns. the sequence is not a 
complementary target sequence. 

A variety of hybridization conditions may be used in the present invention, including high, moderate 
and low stringency conditions; see for example Maniatis et al., Molecular Cloning: A Laboratory 
Manual. 2d Edition. 1989. and Short Protocols in Molecular Biology, ed. Ausubel, et al. hereby 
incorporated by referenece. The hybridization conditions may also vary when a nonnonic backbone, 
i.e. PNA is used, as is known in the art. In addition, cross-linking agents may be added after target 
binding to cross-link. i.e. covalently attach, the two strands of the hybridization complex. 

In a preferred embodiment single stranded nucleic acids are made which contain a first electron 
transfer moiety, an electrode, and at least a second electron tranfer moiety. Hybridization to a target 
sequence forms a double stranded hybridization complex. In a hybridization complex, at least the 
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ba««e.. the nucleosides contaming .he electro, transfer moleSe, is dou«e stranded, .e. 
n^is, sucn tna, upon ini«at,on. tne complex .s c««b.e of transferrin, a. least 
^T^L of .he efectron transfer moiedes «> the other. As will be appreciate, b, .hose ,n 
ratrrrra:s:™easei.herane,ec«„donor<.ac^.andtneoho^o.^3.cond 

electron ransler species is made acconjingly. 

,„ an al«ma«.e embodiment, composisonscompnsing a) a firs, single sBandedoudek: add 
: ieXtached » an e,ec«cde .la a conduC^e o^omer a«. b, a second sing* sanded nucl«c 
. TIL a second elecwn moie„. are made In Ws embod«»nt -Irs, single 

domain, or 3' to the second domain. 

,n this emhodin^n. the first single stranded nucle. add . l^bHd^ 

the second sing, stranded n„c«,cacld . '^^^'^^^^^SZ^^:^^ 
nvbridlzation complex. As ou«ined abo«. Bie h,b,id,za«on compl«< « .hen capab 
,«st on. electron be.«en m. -actron «n«er moWes upon ini««on. 

»w h« «»se in the art me hybridliaSon complex may comprise t«o nucleic acids. 
As win be appreciated by »iose«i me an. me y ... „^ ,i~aron transfer moiety being 

,.e. «,e probe. a»«*edU>«»e..c«d.. me 

'---^'^crr.;Trt.ry.: rr:;.exescanben-d.«. 
rrrr.xr:::-portantistha.stacKedn^is^.---«- 

««*on ™s.« mole^r and the nucl«»lde .0 Which the electnxle is atBch^ 

.„ one embodm-n. compos»»ns compHs^ a, a ^.e ^^^^ 

„ elec^de .a a conductive ol^omer. and b, a ^ -^^^ ^"J^, 
once hy«ld=a6on of me targe, and the probe occurs, a h,bnd,z««n .ndicamr « «ld 



wo 98/20162 




PCT/US97/20014 v 



indicators serve as an electron transfer moiety that will preferentially associate with double stranded 
nucleic acid is added, usually reversibly, similar to the method of Millan et ah. Anal. Chem. 65:2317- 
2323 (1993); Millan etal.. Anal. Chem. 662943-2948 (1994), both of which are hereby expressly 
incorporated by reference. Hybridization indicators include intercalators and minor and/or major 
groove binding moieties. In a preferred embodiment, intercalators may be used; since intercalation 
generally only occurs in the presence of double stranded nucleic acid, only in the presence of taiget 
hybridization will electron transfer occur. Intercalating transition metal complex electron transfer 
moieties are known in the art. Similarly, major or minor groove binding moieties, such as methylene 
blue, may also be used in this embodiment. 

In addition, hybridization indicators may be used in any or all of the other systems of the invention; for 
example, they may be added to facilitate, quench or amplify the signal generated by the system, in 
addition to the covalently attached electron transfer moieties. For example, it has been shown by 
Millan, above, that some hybridization indicators may preferentially bind to perfectly complementary 
double stranded nucleic acids over nucleic acids containing mismatches. This could serve to 
contribute additional information about the system. Similarly, electronic coupling could be increased 
due to hybridization indicator binding. Alternatively, quenching of the electron transfer signal could be 
acheived using hybridization indicators, whereby the electrons would flow between the second 
electron tranfer moiety and the hybridization indicator, rather than the electrode. 

A further embodiment utilizes compositions comprising a) a first single stranded nucleic acid covalently 
attached to an electrode via a conductive oligomer; b) a second single stranded nucleic acid 
containing a second electron transfer moiety; and c) an intervening single stranded nucleic acid, which 
may or may not be labelled or contain an electron transfer moiety. As generally outlined in PCT WO 
95/15971. the first single stranded nucleic acid hybridizes to the first target domain, the second single 
stranded nucleic acid hybridizes to the second target domain, and the intervening nucleic acid 
hybridizes to the intervening target domain, with electron transfer upon initiation. The intervening 
nucleic acid may be any length, taking into consideration the parameters for the distance ttetween the 
electron transfer nnoieties. although it may be a single nucleoside. 

In addition, the first and second, or first, intervening and second, nucleic acids may be ligated together 
prior to the electron transfer reaction, using standard molecular biology techniques such as the use of 
a ligase. 

In one embodiment, the compositions of the invention are used to detect mismatches in a 
complementary target sequence. A mismatch, whether it be a substitution, insertion or deletion of a 
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„.,«o»« or nuclides. resu,« in incorrect Oase painng in a h,bnd^ed double n.H« o. oudeiC ac«. 

» .he pa* o. an elecuon *cm an e,e«,on donor moie^ » an accp»r ™e.y 

Z :Tn;Iiriere »,e misn,a«« ,.s.. .ne e,ec.on .ransfer be reduced .uc. .ha. a c^^ ^ 
r^I^etpedance-be seen. Therefore, in ■h.s^^odi^nt.m.e.ec^x. donor ^^^^^^ 

l^r.I .netce^ac a.aS. poei.«n .on. mu«^. and eiec^on accep»r mo«., « 

attached at a 3- position, or Vice versa. 

Biecron .ans^r is ,^e^ ini^ e.e=«n«a*. «»> ^ >^'"'-^: ^ ^"""X'''^' 
fo a sar^pie confining modified nudeic acid probes. Precis. con«o. and vana«ohs . »« app.«d 
;^rcan oe ^ a p«en«os« and a *c«ode system <one re^^ sam^ and 
. .w«v,.>oraMoelearodes,s<em(onesampl.andonecoui.Krelecltode) This 

ZlZJce JL^ accept., aoached » me nuc^ aC and . pan on .he conduc»,e 
^us... ««,cdhedher.in...rrocene,sapr..errede^n«ns.er.no«... 

Pre..raP.. .»ia«on and de.ec.i. is chosen .o ^ 
in««lances of double aranded nucleic acid and single sBanded nucleic ac«l sys. 
i:ln»ans.«.h,ou.hnuc..acid«a^nc.ono,me^.nceo,m. compound. 

.„ a preferred embod,„«ot a co.educ«n. or co^xidan. ,c«le«iv.l,. '■^'^^^^ 
a^oiL, .ecuon source or s« see gener.. Sa» e. Bull. Chen. 

^- A^o'»R-i799 M991VandAltemanetal-. J. Pnys. cnemiw.i'" 
Uosaki et al.. Electrochimica Acta 36.1799 pssi). an« 

(1996): all of which are incorporated by reference. 

,n a preferred embodUhan. an «pu. .»c«n source . ^ ''^TJH^'J^ 

franl. prefer ^ and d«»caon are being don. '-^J^^ 

passl^^on ^ . ^ on Ih. "^^l^^J'JZl^ Lx po««i- 

..p^ferredembod^^^-^^^^^^ a. 

x:rrrrr:reU^»onsou.e.bo.«se.nd^^^^^ 

„.iHir»d and can »ius donate etecttons. ttw ETMdonaBS Wrough me 
-rc are -^^^ '^^^^^^^^^ „ u« electrode, and ^. ^u. source dc««s 

hybrldizaten complex, threugh «ie conou g „mpos«ions of m imaMo 

as described in the examples, has a redox potennaio ax a„-iectron source. 

cban,essl^»,depend».gonwha.u,efe.,ocen..bound.o,. •7^-";'^,::. 
,«s a redox potential of roughly 200 mV as we. (m «.ueou. solu»on). *cconl«9.ir. 
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vottages of roughly 200 mV. ferrocene is converted to ferricenlum, which then transfers an electron to 
the nucleic acid. If this nucleic acid is double stranded, transfer proceeds rapidly through the double 
stranded nucleic acid, through the conductive oligomefr; to the electrode. Now the ferricyanide can be 
oxidized to transfer an electron to the ETM. In this way. the electron source (or co-reductant) serves 
to amplify the signal generated In the system, as the electron source molecules rapidly and repeatedly 
donate electrons to the second ETM attached to the nucleic actd. The rate of electron donation or 
acceptance will be limited by the rate of diffusion of the co-reductant, which in turn is affected by the 
concentration and size. etc. 

Alternatively, input electron sources that have lower redox potentials than the second ETM are used. 
At voltages less than the redox potential of the ETM. but higher than the redox potential of the electron 
source, the input source such as ferrocyanide is unable to be oxided and thus is unable to donate an 
(electron to the ETM; i.e. no electron transfer occurs. The use of electron source molecules, however, 
is only possible when an insulating or passivation layer is present, since otherwise the source 
molecule will transfer electrons directly to the electrode. Accordingly, in a preferred embodiment, an 
electron source is used in solution to amplify the signal generated in the presence of hybridized target 
sequence. 

In an alternate preferred embodiment, an input electron source is used that has a higher redox 
potential than the second electron transfer moiety (ETM) covalently attached to the prot>e nucleic acid. 
For example, luminol. an electron source, has a redox potential of roughly 720 mV. At voltages higher 
than the redox potential of the ETM. but tower than the redox potential of the electron source, i.e. 200 - 
720 mV. the ferrocene is oxided. and transfers a single electron to the electrode via the conductive 
oligomer. However, the ETM is unable to accept any electrons from the luminol electron source, since 
the voltages are less than the redox potential of the luminol. However, at or above the redox potential 
of luminol. the luminol then transfers an electron to the ETM. allowing rapid and repeated electron 
transfer. In this way. the electron source (or co-reductant) serves to amplify the signal generated in 
the system, as the electron source molecules rapidly and repeatedly donate electrons to the second 
ETM attached to the nucleic acid. 

Luminol has the added benefit of t>ecoming a chemiluminiscent species upon oxidation (see Jirka et 
al., Analytica Chimica Acta 284:345 (1993)). thus allowing photo-detection of electron transfer through 
double-stranded nucleic add. Thus, as long as the luminol is unable to contact the electrode directly, 
i.e. In the presence of a passivation layer, luminol can only be oxidized by transferring an electron to 
the second electron transfer moiety on the nucleic add (e.g. ferrocene). When double stranded 
nucleic acid is not present i.e. when the target sequence is not hybridized to the composition of the 
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s^l «,e ,un.no,. In ,he presence o. doub^ s«anded nucte« acd. Brge. 

LLizatlon me second elearon uansfer moieties have low impedance, thus 9«««t,n9 a ntuch 

rr^' ".s t^e measu. o, K,„.no. oxidation photon «h^n . an ln«l,«. m»s,rement 

r o, the second eiect^n t^ns.,. ™ie., to donate e^.^. to the 

since Photon detecUon is g«ne,a,„ more seosit,.. than eleCronlc detection, the o, me 

system ma, l>e incnsased. Initial results suMest that luminescence may depend on hydrogen 

pllide concentration. pH. and luminol co.«ntrat.on. the latter of vrh^ appears .o he non.»,ear. 

Suitat-e elect^n source mo^cules „. ^.I «K«n in the art and include. «. r». limited to. 

ferhcyanide, and luminol. 

«,.™«i«l,. output elec-o. acceptors or s«<. could he used. i.e. the above reac^ons coi^d be n,n 

the ETM such as a metalU^ne rece.^ an eleCron .om the e^ode. » to 

the met-licenlum. wim the output etect^n acceptor then accepting me e^ .apK.,, and 
.epeatedly. In mis embcdiment. cobalticenium is me preferred ETM. 

Becm>n transfer <^ nucleic add can be detected in a vah«y o, ways^ A .an^ »fd^ 
memods may be used, in^uding. but not ,in«ed ,0. ophca. d.te=«oo whiCh -"«J^^' 
Phosphorescence. Urn-niscence. chemi,un*«scence. 

electron transter detectlo.; in omers. m. i-e of elechon .mnsfer may be detent 

K_ ,»„.fflclentl«nsf«of.lectronsfromoneendofenucleicaciddoubleheli.<tome 

t!^,rrr« redox sta» of bom me electron donor and acceptor. «m 
other ^ m s«eo.««. <*an9« ^^„i^ ^„rtdine. pyridine 

™ny electron tranafa, m-ebes "^^^^H^ „ spectra. proper^es. 
and ^3":: ™e^een reduced and oxid^e. st«es ^ these • 

rrrrx::=:.--==.- 

can be mon«or«. usin, a spectrophotorneter or simple pl»ton«*pl.er tube d»nce. 

,„misernbodiment,possib.elecm.d,no.a™.ac«.p.ora^a«.be.^^ 

^« Pri.ferred electron donors and acceptors have charactensticaiiy large 
photoactivation or initiation. Preferreo eiecuon wi 
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spectral changes upon oxidation and reduction resulting in highly sensitive nnonitoring of electron 
transfer. Such examples include Ru(NH3)4py and Ru(bpy)2im as prefen^d examples. It should be 
understood that only the donor or acceptor that is being monitored by absorbance need have ideal 
spectral characteristics. That Is. the electron acceptor can be optically invisible if only the electron 
5 donor is monitored for absorbance changes. 

In a preferred embodiment, the electron transfer is detected fluorometrically. Numerous transition 
metal complexes, including those of ruthenium; have distinct fluorescence properties. Therefore, the 
change in redox state of the electron donors and electron acceptors attached to the nucleic acid can 
10 be monitored very sensitively using fluorescence, for example with Ru(4,7-biphenyl2-phenanthroltne)32* 
. The production of this compound can be easily measured using standard fluorescence assay 
techniques. For example, laser induced fluorescence can be recorded in a standard single cell 
fluorimeter. a flow through "on-line" fluorimeter (such as those attached to a chromatography system) 
or a multi-sample '*ptate*reader^ similar to those marketed for 96-well immune assays. 

15 

Alternatively, fluorescence can be measured using fiber optic sensors with nucleic add probes in 
solution or attached to the fiber optic. Fluorescence is monitored using a photomuitiplier tube or other 
light detection instrument attached to the fiber optic. The advantage of this system is the extremely 
small volumes of sample that can tse assayed. 

20 

In addition, scanning fluorescence detectors such as the Fluorlmager sold by Molecular Dynamics are 
ideally suited to monitoring the fluorescence of nruxjified nucleic acid molecules arrayed on solid 
surfaces. The advantage of this system is the large number of electron transfer probes that can be 
scanned at once using chips covered with thousands of distinct nucleic acid probes. 

25 

Many transition metal complexes display fluorescence with large Stokes shifts. Suitable examples 
include bis- and trisphenanthroline complexes and bis- and trisbipyridyl complexes of transition metals 
such as ruthenium (see Juris. A., Balzani, V., et al. Coord. Chem. Rev.. V. 84. p. 85-277. 1988). 
Preferred examples display efficient fluorescence (reasonably high quantum yields) as well as low 
30 reorganization energies. These include Ru(4.7-biphenyl2"phenanthroline)3^*. Ru(4,4'-diphenyl-2.2'- 
bipyridine)32* and platinum complexes (see Cummings et al.. J. Am. Chem. Soc. 1 18:1949-1960 
(1996), incorporated by reference). 

Alternatively, a raductton in fluorescence associated with hybridization can be measured using these 
35 systenns. An electron transfer "donor^ molecule that fluoresces readily when on single stranded 

nucleic acid (with an "acceptor^ on the other end) will undergo a reduction in fluorescent intensity when 
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„,™«„«,B~ nuc»lc add bi,«<s >h. probe allowiog eflicien. .raasfer of m excited sBt. elect™.. 

can be eas,,, n,o„«ored as an «^.o, o, .He p,e«nce o, a ^ ^ 
using the same methods as those above. 

,„ a K,.he, embodiment electrochemilumlnescence ,s used as me basis of «,e etecWn »ansfcr 
le^I V.,. some elec^n .ans^r mo,.«.s sucb as R,.-(bp,H. d«« luminescence ac«o^.es 
e'^I Le deca, Cbanges in «s prope^y are assoda.«. nucteic add n,bHdi«bon and can 
«rnLred,-na.mp«P— p.i.rU,bea.™n^men.,seeBla^^ F. On. C»»n.37: 

1534-1539 (1991); and Juris et aL. supra. 

,n a profaned embodiment eiecBa* d«.cbon is us«.. ^uding amperomme.,, vo«amme|n^ 
l!Lnc and »np«..nce. Suia* »chnioues indude. bu. are no. «mi.ed .o. e^c^o^ravime.,,. 
:^indo<.n^n«i« potential cou»m«.V and constentou^n. -~o.^n 
.Im«,V. PUIS. vo«am«., (nonna. poise .oltamelr,. square «ave vo»ame.,. d« 

,„ a preferred «,«odiment moniter^ electron transfer trough nucteic add is «a 
deteLon. THiS method o, de«c«on .„«««s apptyin, a po»n«- (» compare- 
.,erencee,ec.rode,be«.en»tenude.ao..c^K««-«^^ 
.tec.rodein.esamp.«.n^«^^ 

induced n samples in the presence or aosenceoi uiy „^,e,.«itinflie 
inuuwc r ^» 4K«-,„.toSr- arid fi e doub e stranded versus Single 

of the target nucleic acid alters the impedance of the nuclei aad (i.e. aouo 

stranded) system which can result in different currents. 

T».dev^ for measuring e^ntr^^sferampero^tHcanv involves sensi^ve c^^^^^ 

^Tudes a means of controlling the voltage potenUal. usual, a ^-^^^^^J^^V^^^ 
with reference to the potential of the electron donating complex on the nuclei aad. "o-^™" 
bating complexes include those previous, ment^ed v.th complexes of o™*^-- 
coban, Lium and ruthenium being preferred and complexes of iron being most preferred. 
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In a preferred embodiment, alternative electron detection modes are utilized. For example, 
potentiometric (or voltammetric) measurements involve non-faradaic (no net current flow) processes 
and are utilized traditionally in pH and other ion detectors. Similar sensors are used to monitor 
electron transfer through nucleic acid. In addition, other properties of insulators (such as resistance) 
and of conductors (such as conductivity, impedance and capicitance) could be used to monitor 
electron transfer through nucleic acid. Finally, any system that generates a current (such as electron 
transfer) also generates a small magnetic field, which may be monitored m some embodiments. 

It should be understood that one benefit of the ^st rates of electron transfer observed in the 
compositions of the invention Is that time resolution can greatly ennance the signal-to-noise results of 
monitors based on absorbance, fluorescence and electronic current. The fast rates of electron 
transfer of the present invention result both in high signals and stereotyped delays between electron 
transfer initiation and completion. By amplifying signals of particular delays, such as through the use 
of pulsed initiation of electron transfer and "lock-in" amplifiers of detection, between two and four 
orders of magnitude improvements in signal-to-noise may be achieved. 

In a preferred embodiment, electron transfer is initiated using alternating current (AC) methods 
Without being bound by theory, it appears that nucleic acids, bound to an electrode, generally respond 
similarly to an AC voltage across a resistor and capacitor in series. Basically, any methods which 
enable the determination of the nature of these complexes, which act as a resistor and capacitor, can 
be used as the basis of detection. Sun»isingly, traditionai electrochemical theory, such as exemplified 
in Laviron et aL, J. Electroanal. Chem.'OTriaS (1979) and Laviron et al.. J, Electroanal. Chem. 105:35 
(1979), both of vifhich are incorporated by reference, do not accurately model the systems described 
herein, except for very small E^c (less than 10 mV) and relatively large numbers of molecules. That is, 
the AC current (I) is not accurately described by Laviron's equation. This may be due in part to the 
fact that this theory assumes an unlimited source and sink of electrons, which is not true in the present 
systems. 

Accordingly, alternate equations were developed, using the Nemst equation and first principles to 
develop a model which more closely simulates the results. This was derived as follows. The Nemst 
equation. Equation 1 below, describes the ratio of oxidized (O) to reduced (R) molecules (number of 
molecules = n) at any given voltage and temperature, since not every molecule gets oxidized at the 
same oxidation potential. 
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Equation 1 
" nF [R] 



is the electrode potential. Eo is the formal potential of the metal complex. R is the gas constant. T 
is the temperature in degrees Kelvin, n is the number of electrons transferred. F is faraday s constant. 
lOl is the concentration of oxidized molecules and [R] is the concentration of reduced molecules. 

The Nemst equation can l>e rearranged as shown in Equations 2 and 3: 

Equation 2 

^° (R] 



Edc <s the DC component of the potential. 

Equation 3 



^(Eoc-B.) [OX (3) 



Equation 3 can be rearranged as follows, using nom«.^ation of the concenfation to equal 1 for 
Simplicity, as shown in Equate 4. 6 and 6. This requires the subsequent mu«ip..caUon by the total 
numt)er of molecules. 

Equation 4 lOl + IRl=1 
Equation 5 lO] = 1 - [RJ 
Equation 6 tRl = 1 - lOl 

Plugging Equation 5 and 6 into Equation 3. and the fact that nF/RT equals 38.9 V-^ for n=1. gives 
Equations 7 and 8. which define [O] and IR]. respectively. 

Equation 7 



38.9(e'E«> 

cxp 



(4) 
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Equation 8 
1 + exp 



Taking into consideration the generation of an AC faradatc current, the ratio of [OJ/fR] at any given 
potential must be evaluated. At a particular Eoc with an applied Eac. as is generally descrit)ed herein, 
at the apex of the E^c more molecules will be in the oxidized state, since the voltage on the surface is 
now {Eoc Eac); at the bottom, more will be reduced since the voltage is lower Therefore, the AC 
cun-ent at a given Eoc will be dictated by both the AC and DC voltages, as well as the shape of the 
Nernstian curve. Specifically, if the number of oxidized molecules at the bottom of the AC cycle is 
subtracted from the amount at the top of the AC cycle, the total change in a given AC cycle is 
obtained, as is generally described by Equation 9. Dividing by 2 then gives the AC amplitude. 

Equation 9 

iAc - (glgCtrpn^ gt fSoc * Sac - (electrons at fEp^ ^ E.^J\ 
2 

Equation 10 thus describes the AC current which should result: 

Equation 10 

^Ac = FO) y^ aO]^^^ . • [O]^^ . (6) 

As depicted in Equation 11, the total AC cunrent will be the number of redox molecules C), times 
faraday s constant (F). times the AC frequency (cu), times 0.5 (to take into account the AC amplitude), 
times the ratios dehved above in Equation 7. The AC voltage is approximated by the average, EAc2/n. 

Equation 11 

38.9 (E^^ . - E^J 38.9 {E^ - —d£ - B 

1 * exp ^ 1 + exp ^ 



Using Equation 11. simulations were generated using increasing overpotential (AC voltage). Figure 
22A shows one of these simulations, while Figure 22B depicts a simulation based on traditional theory. 
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and 23B depicts actual experimental data using the Fcwire of Example 7 plotted with the 
Figures 23A and 23B depicts aciu w data verv well in some cases the current 

• lotion and shows that the model fits the expenmental data very weii. in so 

depicted in Equation 12. 

Equation 12 

TH». «,u««» can be » mode, and p^dic. me expected AC cu.«-« ^ systems ..ich us. 
:rsrn" con,p..n, ^ AC and CO con,pc„en». As ou„lned a.»ve. «^ 
Jrphsingv does no.node,m.s.s,s.emsa.aU. except tor..nr.« verges 

, ne™, a smol. stranded prol» nuCeic acid system has a high impedance, and a double sfanded 
d ^^TeCbl hybridized to target to to^ a h,bnd^a«on compiex, has a tower 

r::::;aso..nedbe^.b„.asw..beappre«atedby.ose.^^a^^^ 
^niOtiesmaybeusedinaddit^-lheuseo^inp^^^ 

°'-"^'^"';rAci:r;rr.rrr::geL:d^.s«.be«..i 

;rr,n::::^ra.i:.omoh^-ng.s.str,gphaseshH«ng.- 

background noise. 

Acco.d,ng..when..,^AC,n»,«,=na,-d«ec,ton,net.ods.»,e^^^^ 

--'"'r:rr:ar:r:rrrr:^.:e^e^.e 

Zenc response «c.»d.s AC cr^nts a, one or r»r. .red^ncies. phase sh«s, DC o«.et 
voltages, faradaic impedance, etc. 

,„ a ^etred et^ht. a ta^et seduence . added to a probe ^^^^ 
^...p^es-ngtes^h^dhu^-^^^ 

^r^rre:-:::.----'-----''— ' 
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configurations in the system, including a second electron transfer moiety attached to the target nucleic 
acid, a second probe nucleic add containing a second electron transfer moiety, intervening nucleic 
acids, etc. 

5 In a preferred embodiment, the single stranded nucleic acid is covalentiy attached to the electrode via 
a spacer. By **spacer^ herein is meant a moiety which holds the nucleic acid off the surface of the 
electrode. In a preferred embodiment, the spacer is a conductive oligomer as outlined herein, 
although suitable spacer moieties include passivation agents and Insulators as outlined above. The 
spacer moieties may be substantially non-conductive, although preferably (but not required) is that the 
10 rate of electron transfer through the spacer is ^ster than the rate through single stranded nucleic acid, 
although substantially conductive spacers are generally preferred. In general, the length of the spacer 
is as outlined for conductive polymers and passivation agents. Similarly, spacer moieties are attached 
as is outlined above for conductive oligomers, passivation agents and insulators, for example using 
the same "A" linker defined herein. 

15 

The target sequence is added to the composition under conditions whereby the target sequence, if 
present, will bind to the probe single stranded nucleic acid to form a hybridization complex, as outlined 
above. 

20 A first input electrical signal is then applied to the system, preferably via at least the sample electrode 
(containing the complexes of the invention) and the counter electrode, to initiate electron transfer 
between the electrode and the second electron transfer moiety. Three electrode systems may also be 
used, with the voltage applied to the reference and working electrodes. The first input signal 
comprises at least an AC component The AC component may t>e of variable amplitude and 

25 frequency. Generally, for use in the present methods, the AC amplitude ranges from about 1 mV to 

about 1 .1 v. with from about 10 mV to about 800 mV being preferred, and from about 10 mV to about 
500 mV being especially preferred. The AC frequency ranges from about 0.01 Hz to about 10 MHz. 
with from about 1 Hz to atxDut 1 MHz being preferred, and from about 1 Hz to about 100 kHz being 
especially preferred 

30 

Surprisingly, the use of combinations of AC and DC signals allows the differentiation between single- 
stranded nucleic acid and double stranded nucleic acid, as is outlined herein. In addition, signals 
comprised of AC and DC components also allow surprising sensitivity and signal maximization. 

35 In a preferred embodiment, the first input signal comprises a DC component and an AC component. 
That is. a DC offeet voltage between the sample and counter electrodes is swept through the 




• 
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etectrochemlcal potential of the second electron transfer moiety (for example, when ferrocene .s used, 
the sweep is generally from 0 to 500 mV). The sweep is used to Identify the DC voltage at wh.ch the 
maximum response of the system is seen. This is generally at or at^out the electrochemical potent«l 
of the second electron transfer moiety. Once this voltage is detemiined. either a sweep or one or 
more uniform DC offset voltages may be used. DC offset voltages of from about -1 V to about .1.1 V 
are preferred with from about -500 mV to about .800 mV being especially preferred, and Irom about - 
300 mV to about 500 mV being particularly preferred. In a preferred embodiment, the DC offset 
voltage is not zero. On top of the DC offset voltage, an AC signal component of variable amphtude 
and frequency is applied. If the nucleic acid has a low enough impedance to respond to the AC 
perturbation, an AC current will be produced due to electron transfer between the electrode.and the 
second electron transfer moiety. 

For denned systems, it may be sufficient to apply a single input signal to different^te between single 
stranded and double stranded (i.e. the presence of the target sequence) nucle.c acid. Altemat.ve.y. a 
plurality of input signals are applied. As outlined here.n. this may taKe a variety of fom.s. .naud.ng 
using multiple frequencies. mulUple DC offset voltages, or multiple AC amplitudes, or comb.nat.ons of 
any or all of these. 

Thus in a preferred embodiment ™,«ple OC o«se. vCtages are used. as ou«ined .b<«e. 
DC voltage sweeps are prete-red. This ma, be done a. a single (.«,»enc. or « «« or more 

frequencies 

,„ a preferred embodimeot AC amp«ude is .aned. being b«,nd b, meon,. i. aPPea^ .«> 

Bering «.e increase, «8her amp.i.ud.s, .hich resui. ,n h^her 

7Z^^ ^ ,as«r ,a». C -ec«o «n,*r. T.u«. genera^. - - 

mpled reept,,, ,i... higher oufpu. sign.., « an, s.^ rrJT t 

. » .o^tth^tlreouencv Thus, the amplitude may be increased ath.ghtrequenc.es to 

«,is ma, b. used, tor examp... to induce responses in slower s,stems such as 

^entittcat^. cai^rat^ and/or ,uan«,ca«n Thus, the amount otu^^ 

st«nded oudeic acid on an electrode ma, be compared to me amount o. '^'"^"^^'^ 

nuc^c acid to ,uan«, the an»un. c. target sed.r»e in a samp. T«s «^ 

as «, ir«emal control o, the sensor or s,stem. This allows a r«a«««n=nt <^ pno^ ^ 

o rhetor aner. on me ems molecules thatwill be used .or d«ecaon. 

CZL. ,,s^ Thus, t^e ac.ua, r^^lec*. mat w. b. us- tor the - 

<,uanti.i.dprtor»,an,.xpenm«,tFor.«mp..,ap,e.in«,a.y,unat1Hzor,.es.tor««mpl..w-, 
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quantify the actual number of molecules that are on the surface of the electrode. The sample can then 
be added, an output signal determined, and the ratio of bound/unbound molecules determined. This is 
a significant advantage over prior methods. 

In a preferred embodiment; measurements of the system are taken at at least two separate amplitudes 
or overpotentials, with measurements at a plurality of amplitudes being preferred. As noted above, 
changes in response as a result of changes in amplitude may form the basis of identification, 
calibration and quantification of the system. In addition, one or more AC frequencies can be used as 
well. 



In a prefen-ed embodiment, the AC frequency is varied. At different frequencies, different molecules 
respond in different ways. As will be appreciated by those in the art. increasing the frequency 
generally increases the output current. However, when the frequency is greater than the rate at which 
electrons may travel between the electrode and the second electron transfer moiety, higher 
frequencies result in a toss or decrease of output signal. For example, as depicted in Figure 1 1 , a 
response may be detected at 1 Hz for both single stranded nucleic acid and double stranded nucleic 
acid. However, at the higher frequencies, such as 200 Hz and above, the response of the single 
stranded nudeic acid is absent, while the response of the double stranded nucleic acid continues to 
increase. At some point, the frequency wUl be greater than the rate of electron transfer through even 
double-stranded nucleic add. and then the output signal will also drop. Thus, the different frequency 
responses of single stranded and double stranded nudeic adds, based on the rate at which electrons 
may travel through the nucleic add {i.e. the impedance of the nucleic add), forms the basis of 
selective detecUon of double stranded nucleic adds versus single stranded nucleic adds. 

In one embodiment detection utilizes a single measurement of output signal at a single frequency. 
That is. the frequency response of a single stranded nucleic add can be previously determined to be 
very low at a particular high frequency. Using this information, any response at a high frequency, for 
example such as 10 to 100 kHz. where the frequency response of the single stranded nucleic add is 
very low or absent, will show the presence of the double stranded hybridization complex. That is. any 
response at a high frequency is characteristic of the hybridization complex. Thus, it may only be 
necessary to use a single input high frequency, and any frequency response is an indication that the 
hybridization complex is present, and thus that the target sequence is present 

In addition, the use of AC techniques aHows the significant reduction of bad^ground signals at any 
single frequency due to entities other than the covalently attached nudeic adds. i.e. "locking our or 
•filtering* unwanted signals. That is. the frequency response of a charge carrier or redox active 
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nolecule in s**-. wi« be limited b, i« diffusion coefr«en. and charge .ansfer coe««n.. 
Accordin^. a. hi,h freouen^es, a charge car^r n«, no. diffuse rapidi, enough « «^.er« *a,ge 
Tn-e l^ode. and-oc «.e charge .«ns,er Kine«cs n.a, no. b. f^. enough. This . pa««u,a«, 
•innifican. in embodln«nB ma. do no, uUlize a passi««n layer monoteyer or ha.e parwl or 
ru:^.n^o.yers.ie.whe,e«so.«^.aocess«e»«,ee^.Mou,^a^^^^ 
,.chr*,ues.mep.«ehceofho,es-w«.re.hed.«rodeisaccessibl..omesoiven,c».«sul.in 

^en' Charge ^rriers-sh«. ci«ui«ng-««.ys«n. Ho«e«,. us«,g .he present AC «chn„ues. one 
TZ freouencies can be chosen ma. preven. a ^uer«, response o, one or mo« charge 
,„ solu^on «ne.her or no. a mono^yer is present This : '^T'TJ,^ 
L, such as blood con»in signHican. ,n«un.s o. redo. ac«ve mole^iles which c»> «»r,ere w«h 

amperometric detection methods. 

in a preferred embodin»nt n»asurem.h» offt. s^m are «Ken a. a, leas. «o separa» 
fluencies. wi»,n«su,«nen«a.apK«li.yof^uenc,esbe,ngpre,ened. AP^^^"' 3,.^ 

frequencies *,cH.des a scan. .0, exan^le. n,easunng me oufpu. signal, e.g.. me AC "-^"^ 
^=,1 20 HZ and companng me responses me ou»u.s«nal a. high frequency 

r nrroo r: s,::XencyUse d«e,e„ce be^ double sanded nucl^ 

:^s Uelec™ fer ,a«s and sing. s.r»nded nuc.e« a*.s «h e^ »n^r 

^es in a preferred en,bodin«n. me frequent response is de«n*ed a, « leas. «o. preferably a. 
tos. abou. 6«. and mo« preferably a. leas. abou. ten fcequenc-s. 

A«eruans^mempu,signal.lni«a».^»ans,«.an»^si,n-J.™^ 
The presence and n«ghi«ide of me ou»u. signal «« depend on me o«rpo»n«al«np«ude me 
I7u,Xr^ frequency ofme .pu. AC signal me 'on^'"-'-^r:Z::Z 
leoLe be«,een .he etecwn UansfW ^ 

ZTc^e envlroomen. of me s,««r. me n,»« of me second elecucn '^'" ^ ■^ 
Z Lk^A. a given inpu. signal, me presence and n«gnl«rde of me ou*u, slgn^ w„l depend 

rrmr:°p:anc.^.:n.-iu.— "--7:r^r 

of me mpu. sign.1 DouW. s«nded nucleic adds. i.e. hybrWlzation comptexes. have relahvely <o«, 
:::rrn.pared»s.g.s«ndednucle.ac«s.andmusresul.,j^g«^ 
hLvt as noted h«eih. single s«anded nucteic acids, in me absence of «.e c0n.ptomeoB.yW9. 
rZ."etoc«on «nsfer beh.een me etecuon «nster n»ie«es. Thus, upon ««m«l.ng 
C.C.con.risinganACco,nponen.andaOCof,se.etec»„sare«n^^ 
eLJn««h. ie me electrode, and me second elee«« rnol«y co.rten«y a»ached te me nucte«: 
rThTl ^pedance is enough, me fr«^ » ^ -ange. anrp-ud. . au,.^ 
resulting in an output signal. 
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In a preferred embodiment, the output signal comprises an AC current. As outlined above, the 
n^agnitude of the output current will depend on a number of parameters. By varying these parameters, 
the system may be optimized in a numt)er of ways. 

5 In general, AC currents generated in the present invention range from about 1 femptoamp to about 1 
miliiamp, with currents from about 50 femptoamps to about 100 microamps being preferred, and from 
at}out 1 picoamp to about 1 microamp being especially preferred. 

In a preferred embodiment, the output signal is phase shifted in the AC component relative to the input 
10 signal. Without being bound by theory, it appears that surprisingly, the systems of the present 
invention are sufficiently uniform to allow phase-shifting based detection. That is. the complex 
btomolecules of the invention through which electron transfer occurs react to the AC input in a 
homogeneous manner, similar to standard electronic components, such that a phase shift can be 
determined. This may serve as the basis of detection between single-stranded and double stranded 
15 nucleic acids, but more importantly, may allow the detection of mismatches, since small changes in 
impedance, such as would t>e assumed from a mismatch present in the hybridization complex, may 
effect the output AC phase in a greater manner than the frequency response. 

The output signal is characteristic of electron transfer through the hybridization complex; that is. the 
20 output signal is characteristic of the presence of double stranded nucleic acid. In a preferred 

embodiment, the basis of the detection is a difference in the faradaic impedance of the system as a 
result of the formation of the hybridization complex. Faradaic impedance is the impedance of the 
system between the two electron transfer moieties. I.e. between the electrode and the second electron 
transfer moiety. Faradaic impedance is quite different from the bulk or dielectric impedance, which is 
25 the impedance of the bulk solutkan between the electrodes. Many fectors may change the feradaic 
impedance which may not effect the bulk impedance, and vice versa. Thus, nucleic ackis in this 
system have a certain feradaic impedance, that will depend on the distance between the electron 
transfer moieties, their electronic properties, and the composition of the intervening medium, among 
other things. Of importance in the methods of the invention is that the feradaic impedance between 
30 the electron transfer moieties is signficantly different depending on whether the intervening nucleic 

add is single stranded or double stranded. Thus, the faradaic impedance of the system changes upon 
the formation of a hybridization complex, and it is this change which is characteristic of the 
hybridization complex. 



35 



Accordingly, the present invention further provides apparatus for the detection of nucleic acids using 
AC detection methods. The apparatus includes a test chamt>er which has at least a first measuring or 
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<,«r^«,.nt*»f electrode Three electrode systems are also 
i^^mnto electrode and a second measuring or counter eiecirouc. 

sannpte electroae. ana ^.^.^des are in contact with a test sample receiving region. 

An .«i»ano source electrically connected to the test chamber; that 
THe appa.^- --^'"^-J^ scu . capab.e of OC oHse, 

is. to the measuring electrodes. Preferably, tne voiu»h 

voltage as wrell. 

„ca^= a. cu^ut si^na,, and ^ p^nca o, «>e .r^e. nuc«c acK.. 

T^us. co^pc^o^s o, .e p.se« .ven«o„ „^ « ,n a va^ c, ««a,cK ^.«, 

controi. or field testing settings. 

,„ , ^ e.»oa,n,.n. p,*.. a« ^ --^no.. For »»npj. P~^s ca„ .e 

nonpolyposis colon cancer, the BRCA1 tKeasi ca 9 Alzheimer's disease, allowing for 
well known in the art. 

invention. In this embodiment, probes are designee ^ ^le detection of anti- 
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detected in this way. Bacterial infections such as tuberculosis, clymtdia and other sexually transmitted 
diseases, may also be detected. 

In a preferred embodiment, the nucleic acids of the invention find use as probes for toxic bacteria in 
5 the screening of water and food samples. For example, samples may be treated to lyse the bacteria 
to release its nucleic acid, and then probes designed to recognize bacterial strains, including, but not 
limited to, such pathogenic strains as. Salmonella, Campylobacter, Vibrio cholerae, Leishmania, 
enterotoxic strains of £ coli, and Legionnaire's disease bacteria. Similarly, bioremediation strategies 
may be evaluated using the compositions of the invention. 

10 

In a further emfcxKliment. the probes are used for forensic "DMA fingerprinting" to match crime-scene 
DNA against samples taken from victims and suspects. 

In an additional embodiment, the probes in an array are used for sequencing by hybridization. 

15 

The present invention also finds use as a unique methodology for the detection of mutations or 
mismatches in target nucleic acid sequences. As a result, if a single stranded nucleic acid containing 
electron transfer moieties is hybridized to a target sequence with a mutation, the resulting perturbation 
of the base pairing of the nucleosides will measurably affect the electron transfer rate. This is the case 
20 if the mutation is a substitution, insertion or deletion. Alternatively, two single stranded nucleic acids 
each with a covalently attached electron transfer species that hybridize adjacently to a target 
sequence may be used. Accordingly, the present invention provides for the detection of mutations in 
target sequences. 

25 Thus, the present invention provides for extremely specific and sensitive prot>es. which may. in some 
embodiments, detect target sequences without removal of unhybridized probe. This will t>e useful in 
the generation of automated gene probe assays. 

In an alternate embodiment the electron transfer moieties are on separate strands. In this 
30 emtxKliment. one single stranded nucleic add has an electrode covalently attached via a conductive 
oligomer. The putative target sequences are labelled with a second electron transfer moiety as is 
generally described herein, i.e. by incorporating an electron transfer moiety to individual nucleosides of 
a PCR reaction pool. Upon hybridization of the two single-stranded nucleic acids, electron transfer is 
detected. 
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Alternatively, the compositions of the invention are useful to detect successful gene amplincafon ,n 
PCR thus allowing successful PGR reactions to be an indication of the presence or absence of a 
terget sequence. PCR may be used in this manner in several ways. For example, m one 
embodiment the PCR reaction is done as is Known in the art. and then added to a compos, on of the 
invention comprising the target nucteic acid a second ETM. covalen^y attached to an e^trode 
via a conductive oligomer with subsequent detection.of the target sequence. Altemafvely . PCR .s 
done using nucleotides labelled with a second ETM, either in the presence of. or with subsequent 
addition to. an electrode with a conductive oligomer and a target nucleic acid. Binding of the PCR 
product containing second ETMs to the etectrode composition will allow detec«on via electron transfer. 
Finally the nucleic acid attached to the etectrode via a conductive poh^mer may be one PCR pnmer. 
With addition of. a second primeMabelled with an ETM. Elonga«on results in double stranded nucle-c 
acid with a second ETM and electrode covalenUy attached. In this way. the present invention ,s used 
for PCR detection of target sequences. 

temg pcefn^i, tess «an ,0 X 10- b«n9 P3-«c.,aHy prefe^d. less «,an 10 X 1tf bang 
^ prefer., an. ,ess .nan a^u. ,0 X ,0= «lng n»s, p,e^. A, - be ,PP««e^ b, 
JL in L a-t mis assumes a ,.1 ccrela^n between ^ s«,u«,ces and repcner nno«^. f 
™e man one ,epo«e, motecule (i.e. second eie«ron «n.fer n««y) Is used to, each «,e< 

sequence, the sensitivity will go up. 

While m. ^«s o. de^c^on a™ «™* ^ - 

«e «.«>u,h ONA, Which IS ^ughl, 1X10- ,«c«on./sec<duplax «.r . base pa,r sepa«,on (see 
^ e.1 Chem. Eng. Ed.. 34:352 ,1995,, and high d*lns to,«s. AC ,re,uen=«s o, a^u, 

^ s^ pos-ble. AS *. '^^ """"^ ""^^ ^'^^ 

,n nea^y 100 X 1,. - ' ^ 

for very few molecules. 

,„ an «,d«iona. en*od.ment ^ l"v»>«on p«vides nove, •=°-'-''«°"^_^~"'^*= 
,,«.3Hocenesco«««.,a«achedv^oonduc«..ol^me«»ane.e«^ 

depicted in Structure 35: 
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Structure 35 
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Staicture 35 utilizes a Structure 4 conductive oligomer, although as will t>e appreciated by those hi the 
art. other conductive oligomers such as Structures 2, 3, 9 or 10 types may be used. Preferred 
embodiments of Structure 35 are depicted below. 

Structure 36 

/ 
/ 



Structure 37 
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Preferred R groups of Structure 37 are hydrogen. 



25 



Structure 38 




30 These compositions are synthesized as follows. The conductive oiigonr>er linked to the metallocene is 
nnade as described herein; see also. Hsung et al.. Organometallics 14:4808-4815 (1995); and Bumm 
et a!., Science 271:1705 (1996). both of which are expressly incorporated herein by reference. The 
conductive oligomer is then attached to the electrode using the novel ethylpyridine protecting group, 
as outlined herein. 
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o»ce made these compositions l«.e unique utility in a numt)er of applications, including 
In^L d«ec«on. A P.,ened embodiment u„,.es -nose 00^^^^^^^ 

a potentiostat. sennng as an internal electrocnemistry reterence in an array of the ,n.en»on. 

T,« examples setve to mce «y descnbe the manner o. us^ the a«-«"-*^ 

1„ J»en as to set fb-th the best modes contemplated .or carrying out venous aspects of the 
rern::srdrl::.--3ee«amp^in noway serveto^tthetruesccpeofth.^^^^ 

Zthe, are presented for l»us.ratl.e pu^. M re^- ^..d her* are incorporated by 

reference. 

EXAMPLES 
Example 1 

Synthesis of Conducti.e Oligomer lirt«d .la an amide to a nucleoside 

This synthesis . depleted in F^u« 1 . usMg ursine as nu«eos»e and a Stn^ture 4 phenyl- 

acetylene conductive oligomer. 

compound . TO a «*,«on o, 10 0 gm ,40 n^l, of 4.iodoth^isole ,n 350 mL o, ^''-^ 
^,n ioe-wat^ bath was added ,0 1 gm of mCPB^ The reaction mixture was 

mL of the saturated ammonim chloride solution. The aqueous layer was extracted tv..ce wth 
r . ZT^^e (2 X 70 mL) The organic extracts were comt,ined and dried over anhydrous sod.am 
dichloromethane (2 x 70 mi.;, nc uiy ^^eiriue was dissolved in 

su-al. and In^ed^tely concentrated to dryness as oulCly as possj«.. "^^^ZlZ^^ 
,^mLofb«,2ene fOllowea by adding S.3mLof4..ln,lpy.ldlne The reacton mature was reruxe 
^C^Z^t Th. sLm was ,-n^ed and the rescue was d^ in dichloromethane 
r.rclmZ-aphV.SI.^,.K1S0gm,waspacKed.th.0.e*y.c^- 
m«o.e.Th, cn.de Ptoduc. tuition was loaded and the coHimn was elut«. ««- 20 » 60 * «^ 
^ , hexane nurture. The fractions was u«nti«ad by TLC (EtOAc : Hexane . 50 .«)..« - 0.24) 
Xo-ed «^ concent^ted to dryness to afford 7.4 gm ,54.2^, of the solid title compound. 
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Compound » 2: To a solution of 3.4 gm (9.97 mmol) of Compound # 1 in 70 mL of diethylamine was 
added 200 mg of bis(triphenylphosphine)palladium (II) Chloride. 1 00 mg of cuprous iodide and 1 9 mL 
of trimethylsilylacetylene under Argon. The reaction mixture was stirred for 2 h. After removing the 
diethylamine. the residue was dissolved in dichloromethane for column chromatography. Silica gel 
(120 gm) was packed with a cosolvent of 50 % ethyl acetate / 50 % hexane. The crude sample 
solution was loaded and the column was eluted with the same cosolvent. After removing the solvents 
the liquid title compound (2.6 gm. 83.7 %) was obtained. 

Compound # 3: To a solution of 2.6 gm of Compound # 2 in 150 mL of dichloromethane colled in an 
.ce-water bath was added 9.0 mL of 1 N tetrabutylammonium fluoride THF solution. The reaction 
mixture was stirred for 1 h. and washed once with water and dried over anhydrous Na^SO,. After 
removing the solvent, the residue was used for column separation. Silica gel (50 gm) was'packed with 
a coslovent of 50 % ethyl acetate / 50 % hexane. The crude product solution was loaded and the 
column was eluted with the same solvents. The removal of the solvents gave the solid title compound 
(1.87 gm. 94.1 %). 

Compound » 4. To a glass bottle were added 1.80 gm (7.52 mmol) of Compound # 3. 160 mg of 
bis(triphenylphosphine)palladium (II) chloride. 80 mg of cuprous iodide and 2.70 gm (9.0 mmol) of 1- 
trimethylsilyl-2^4-iodophenyl)acetylene. The bottle was sealed and bubbled with Aigon. Diethylamine 
was introduced by a syringe. The reaction mixture was heated at 50 'C under Argon for 1h. The 
amine was removed and the residue was dissolved in dichloromethane for the separation. Silica gel 
(1 00 gm ) was packed with 60 % ethyl acetate / hexane. The crude mixture was foaded and the 
column was eluted with the same solvents. The fractfons were Mentified by TLC (EtOAc : Hexane = 
50 50. the product emitted blue light) and pooled. The removal of the solvents gave the solid title 
product (2.47 gm. 79.8 %). 

Compound # 5 To a solution of 2.47 gm of Compound # 4 in 130 mL of dichloromethane cooled in 
an ice^ater bath was added 8.0 mL of 1 N tetrabutylammonium fluoride THF solution. The reaction 
mixture was stirred for 1 h. and washed once with water and dried over anhydrous Na^SO,. After 
removing the solvent, the lesklue was used for column separation. Silica gel (60 gm) was packed with 
a costovent of 50 % ethyl acetate / 50 % CH,CI,. The crude solution was loaded and the column was 
eluted with the same solvents. The removal of solvents gave the solid title product (1 .95 gm. 95.7 %). 

Compound # 6: To a glass bottle were added 0.23 gm (0.68 mrtwl) of Compound « 5. 0.5 gm (0.64 
mmol) of 2'^eoxy-2 -(4-k»dophenylcarbonyl) amino-S'-O-DMT uridine. 60 mg of 
bis(triphenylphosphine)palladium (II) chtoride. 30 mg of cuprous iodide. The bottle was sealed and 
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bubbled with Argon. Pyrrodine(15 mL) and DMF(15 mL) were introduced by a syringe. The react.on 
mixture was heated at 85 "C overnight. The solvents were removed in vacuo and the res.due was 
dissolved in 300 mL of dichloromethane. The solution was washed three times with water and dned 
over sodium sulfate. After removing the solvent the residue was subjected to column pur«icatK»n. 
Silica gel (30 gm) was packed with 1 % TEA/1 % methanol/ CH2CI2 and the sample solution was 
loaded The column was eluted with 1 % TEA/1 % methanol/CH,Ct and 1 % TEA« % 
methanol/CH,CI,. The fractions were identified and concentrated to dryness. The separated product 
was subjected to another reverse-phase column purification. Reverse-phase silica gel(C-18. 120 gm) 
was packed with 60 % CH,CN/40 % Hp and the sample was dissolved in ve^r small amount of THF 
and loaded The column was eluted with 100 mL of 60 % CH3CN/4O % H,0. 100 mL of 70 % 
CH,CN«0 % H,0. 100 mL of 60 % CH3CN/IO % THF/30 % H,0. 200 mL of 50 % CH3CN/2O % 
THF/30 % H,0 and 500 mL of 35 % CH,CN/35 % THF /30 % H,0. The fractions were identified by 
HPLC (0.1 mM TEAA : CH3CN = 20 : 80. flow rate = 1.0 mUmin). and concentrated to dn^ness to 
afford a pure title compound. 

compound # 7: To a solution of 100 mg(0.1 mmol) of pure compound # 6 in 40 mL of pyridine were 
added 50 mgm of DMAP and 1.0 gm (10 mmol) of succinic anhydride. The reaction mocture was 
stirred under Argon for 40 h. After removing pyridine, the residue was dissolved in 300 mL of 
dichloromethane. followed by adding 150 mL of 5 % aqueous NaHCO. soMion. ^^^^ r,^;"-^"- 
Vigorously stirred for 3 hand separated. The organic layer was washed once wth 1 ^-^^^"^ 
sltion and dried over anhydrous sodium su«ate and concentrated .0 dryness togwellOm^^^^^^ 

compound # 7. VVflthoat further purification, the compound # 7 was used lor t^ 

corresponding CPG, 

L..-d.-110-9n.10lM.««..«ee«npou™..7.100r,.,230M™.,ofBOP«^^30^ 

r« d«s T.. CPG wa. mer^ of. 3„d washed ^.lce d*:hK>r=™«,ano and uansfe^d ««> 
ri^ToOn^.«....n»CPew.. added SO .Lo,p,«ne,,0.to.ace,ica.*,d«d.and^c. 

►.^.^-.o... The CPG was »»«ed o«, washed ».,ce w,m p,Hd^. memano.. ■>>''<>«^'^ 
and and dhed ove, a va=o.m The Wading of .h. nucleoside was maasu^d according » 
Standard procedure to be 7.1 ymol/gm. 

2..0«,ior-2M4*d.ph.n,lc.rt»n,.,.n,mo.5-*OMT«*l.»e: Toa«,»<«oof5.1 9-^9»"«~'> 
o, 2. JIy-2'-a,hino.6-0-D«T undH« 250 ..L o. „«i~ cooled in an ic.^ «», was .dd«. 3 
na.o.chloro«.me.h,lsilane. Th, «aclion mixtur. was «»n,«. up «. room «mp«alu« and s».«d for 
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1 h. To the prepared solution were added 0.1 gm of DMAP and 3.0 gm (10.9 mmol) 4-iodobezoyl 
chloride and the reaction mixture was stirred overnight. To this solution was added 30 mL of 
concentrated ammonium hydroxide solution and the mixure was stirred for exact 15 min. The solvents 
were removed in vacuo. The residue was dissolved in 15 mL of dichloromethane for column 
5 separation. Silica gel (125 gm) was packed with 1 % TEA/2 % CH3OH/CH2CI2. After loading the 
sample, the column was eluted with 300 mL of 1 % TEA/2 % CH3OH/CH2CI2. and 500 mL of 1 % 
TEA/4 % CH3OH/CH2CI2. The fractions were identified by TLC (CHaOH : CH2CI2 = 10 : 90) and pooled 
and concentrated to dryness to give 6.2 gm (85.5 %) of the pure title compound. 

1 0 Synthesis of the Phosphormidite (Compound #8). 

To a solution of 0.2 gm of Compound # 6 and 30 mg of diisopropylammonium tetrazolide in 10 mL of 
dry dichloromethane is added 0.12 gm of 2-cyanoethyl N. N. N\ N -tetraisopropylphosphane under 
Argon. The solution was stirred for 5 h and diluted by adding 60 mL of dichloromethane. The solution 
was washed twice with 2.5 % w/v sodium bicart)onate solution, once with the brine and dried over 

1 5 sodium sulfate. After removing the solvent, residue was dissolved in 5 mL of dichloromethane, 

followed by adding slowly 100 mL of hexane. The suspension was stored at - 20 ''C for 1 h. The 
supernatant was decanted and the residue was dried over a high vacuum overnight to afford 0. 19 gm ( 
79.0 %) of the title product, which will be used for DNA synthesis. 

20 In addition, this procedure was done to make a four unit wire. 

Example 2 

Synthesis of conductive oligomers linked to the rit30se 
of a nucleoside via an amine linkage 

25 

Example 2A: 

Synthesis of 2'^4-iodophenyl)amino-2'-deoxy-5*-0-DMT-uridine (Product 4): This synthesis is 
depicted in Figure 2, and reference is made to the labelling of the products on the figure. To a solution 
of 5.0 gm of 5'-0-DMT-uridine (Product 1) and 2.7 gm of dimethylaminopyridine in 200 mL of 

30 acetonitrile was added 3.3 gm of p*iodophenyi isocyalide dichloride portion by portion under Argon. 
The reaction mixture was stirred overnight The mixture was diluted by adding 550 mL of 
dichloromethane and washed twice with 5 % sodium bicarbonate aqueous solution and once with the 
brine solution, and then dried over sodium sulfate. The removal of the solvent in vacuo gave the crude 
Product 2. Without further purification. Product 2 was dissolved in 50 mL of dry DMF and the 

35 solution was heated at 150 **C foe 2 h. After distillation of DMF. the resklue was dissolved in 300 mL 
of dichk^romethane, washed once with 5 % sodium bicarbonate solution, once with the brine solution 
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,„a dried o«r scd,^ su»3.e. The »n.v„ o, ^ solven. gave me cn.de Pr«.«c. 3^ 
ouriflcBo. .he Produc 3 was diss*ed ,00 mL of a ml«u« of 50 %D*oxane and SO A. M«hano^^ 
was added « of ,N NaOH so.«oo. ^ reac«cn .*«u« wa, '^J^'- 
The n„«ure was d«u«d hy addi^ 800 n,L of d^to^^^an. and washed wa«r and dn^ o«. 

Alter ren,o»h9 «,e solvent m residue was disso»«d m 1 5 nU. of diohtoroma««ne fbr «. 
Z„*se~%l ^, 000 ,n., o, pa^ed wfm , * TEA , 2 * EU^no. CH.C^a«. ^n, 
rip. s*.^n. .e co.n,n was „„»d w* 1 % THA^ - 3 « Efhan^ '.Tve^O^rT* 2 
were «.en««ed t, TLC ,CH30H : CHaC,2 - 1 : 9, and poo«d and oonce«,a»d » 9- = 0 9m (29,2 
%) of the Product 4. 

Add«iona,oooduo«.e.«9on»run»s can «»n«added»produc.4aso-r«d herein. »maddi^^^ 
nucl«.«des ««ed and anachment «. an .l«*ode surface as described herein. 

Example 2B: 

BenzylaminoHjridlne was synthesized as Shown m Figure 16. ,v^~„,oomL 

Synj;.... Cntpoun- C2: To a solu^n o, 8 3 9", (18 7 .n... ^'^'^'^'J^^ 
o.dicn,oron«hahe was added 2.80 9.no,ca,hon^ilmidazd.>«.er Argon, /^r^^^ 

sirred (or 7 h. into this soluSon were added 4.3 gn, o, 4*aobenz,la.~ne and ,0 «• 
d«sopropy,e.h„a„.he The mixture was s«ned ove^h, under Arson J^^^^ 
w Jedle wi», 5 ^ Ctnc acid s«u„on and dhed over so«un, A«.r 

residue was dissowed i « an»un. of dlch9loron»lha» for the column separabon S*ca^. 

r8^rZspa«edwi^1%TEA,2«CH,OH/CH^upon>oad.,9««s-np.e»^^^^^ 
( 1 5U gm, was pa ^ * , , v rw nw / CH CU The fractions were identified by TLC 

column was eluted with 1 % TEA / 2-10 % ^^^^^ ' ^^^^ ^^^ 3 product C2. 

(CH,OH : CH,CI, = 7 : 93) and pooled and concentrated to afford 9.75 gm (78. 

SvntheslsoCCo.poun<,C3..ix.reofS.7Sgn.(12.4rnn.0ofthe^^^^^^ 
DBU in 250.L Of drvTHF was stirred at 50 -C under An,on for ..odaysj^^^^^^^^ 

.4 ^ ««« Hi«solved 20 mL of dichloromethane for the purification, auica 9 
^apor and ^ 1^ , after ^ing the san,^ solu«on. the co^n. 

gm) was packed with 1 % TEA / Z9 a, ayj^ 72 nroduct was pooled and 

was eluted with same soK^t mixture. The fractions containing the desired product wa 

concentrated to give 6.46 gm (66.3 %) of the product C3. 
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and the organic layer was separated and washed once with the 500 mL of the brine solution and dried 
over sodium sulfate. The dichloromethane was removed by a rotavaporand the dixoxane was 
removed by a high vacuum. The residue was dissolved in 20 mL of dichloromethane for the 
separation. Silica gel (80 gm) was packed with 1 % TEA / 25 % EtOAc / CHfil^ and the sample 
solution was loaded. The column was eluted with 1 % TEA / 25-50 % EtOAc / CHzClj. The right 
fractions were combined and concentrated to give 4.1 gm (65.7 %) of the final product C4. 

Examples , 

Synthesis of a conductive oligomer with an R group attached to 
the Y aromatic group 

This synthesis is depicted in Figure 6. 

Synthesis of 2.Acetyl-5-iodotoluene (P 1). To a suspension of 20 gm of aluminum trichloride in 500 
mL of dichloromethane was added 10.2 mL of acetyl chloride under Argon. After the reaction mixture 
was stirred for 15 min, 3-iodotoluene (20 gm) was added through a syringe. The mixture was stirred 
overnight under Argon and poured into 500 gm of ice-water. Organic layer was separated and 
washed once with the saturated ammonium chloride solution, and washed once with 10 % sodium 
thiosulfate solution and dried over sodium sulfate. After removing the solvent, the residue was 
dissolved in hexane for the column purification. Silica gel (260 gm) was packed with hexane. after 
loading the sample solution, the colurifin was eluted with 750 mL of hexane. 750 mL of 1 % v/v ether / 
hexane. 750 mL of 2 % v/v ether / hexane and 1500 mL of 3 % v/v ether / hexane. The fractions 
containing the right isomer were identified by GC-MS and 'H NMR and pooled and concentrated to 
dryness to afford 12.2 gm (51.2 %) of the title product (P 1 ). 

lodo-3-methyM-(ehynyl trimethylsilyl) benzene (P2). Under inert atmosphere 500 ml bound bottom 
flask was charged with 25 ml of dry THF. cooled to -78-C and 14 ml of 2.0 M LDA solution 
(heptane/ethylbenzene/ THF solutton) was added by syringe. To this solution 6.34 gr (24.38 mmole) of 
iodo-a-methyM-acetyl benzene in 25 ml of THF was added dropwise and the reaction mixture was 
stin-ed for 1 hr at -78-C. then 4.0 ml (19.42 mmole) of diethylchlorophosphate were added by syringe. 
After 15 rhin cooling bath was removed and the reaction mixture was allowed to heat up to RT and 
stinted for 3 hrs. The resulted mixture was cooled again to -78 °C and 29 ml of 2.0 M LDA solution 
were added dropwise. At the end of the addition the reaction mixture was allowed to warm up to RT 
and stirred for additional 3 hrs. After that period of time it was cooled again to -20"C. 9.0 ml (70.91 
mmole) of trimethylsilyl chloride were injected and the stimng viras continued for 2 hrs at RT. The 
reaction mixture was poured into 200 ml of ice/sodium brcarbonate saturated aqueous solution and 
300 nH of ether were added to extract organic compounds. The aqueous phase was separated and 
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extracted again with 2x100 m. of ether. The ether fractions were combined, dried over sodium sulfate 
and evaporated. The resulted liquid residue was purified by silica gel chromatography (100% n- 
hexane as eluent). 4.1 gr (54% yield) were obtained. 

synthesis of Product (P 3). To a solution of 1.14 gm of Compound # 3 (as described above) and 
1 60 gm of P 2 in 100 mL of diethylamine were added 0.23 gm of (l,r- 

bis(dipheny.phosphino)ferrocenelpa.ladlum (I.) chloride and 0. 1 gm of copper (.) iodide under Argon. 
The reaction mixture was stirred at 55 for 1 h and stirred at room temperature overnight. After 
removing the soh/ent. the residue was dissoWed in dichloromethane for column separafon. S.l,ca gel 
(120 gm) was packed with 20 % ethyl acetate / CH,CI,. The sample solution was loaded and the 
column was eluted with 20 - 50 % ethyl acetate / CH,Cl.. The fractions were identified by TLC (EtOAC 
: CH2CI2 = 50 : 50) and pooled and concentrated to give 1.70 gm (84.0 %) of TMS^erivative of P 3. 

TO a solution of 0.74 gm of TMS^erivative of P 3 in 70 mL of dichloromethane at 0 "C was added 2.2 
mL Of 1 .0 M (nBu).NF THF solution. After stirring for 30 min. the solution was washed once wrth 
water and dr^d over sodium sulfate. The solvent was removed, the residue was used for column 
separation. Silica ge, (20 gm) was pacKed with 20 % ethyl acetate / CH,C^. the column was eluted 
With 20 - 40 % ethyl acetate / CH,CI.. The fractions containing the fluorescent compound were 
combined and concentrated to dryness to afford 0.5 gm (81 .3 •^) of the pure P 3. 

synthesis ofP4:Toasolutionof0.5gmofP3and 0.63 gmofP2^50mLofdryDM^^ 

ofTEAwereaddedlOOmgmofl1.V-«s(dipheny.phosphino)f.rrocene,^^^^^^^^ 
mgmofcopper(,)iodideunderArgon. The reac«on mixture was sirred atSSX^ha^^^^^^^^^ 

35 -C overnight. The so^,ents were removed in vacuo and the rescue was d.ssolve . 10 m o 
CHX^ for column separation. SIBca ge. (100 gm) was pacKed with 20 % ethyl acetate / CH.a. after 
Tor coRim wo , »^ ^ on 40 % ethvl acetate / CH,CI,. The fractions were 

loading the sample, the column was eluted wrth 20 - 40 ^ ethyi acetai 2 ' 
identid by TLC (EtOAC : CH.C^ = 50 : 50) and pooled and concent^ted to g.e 0.47.gm (61.3 /.) 

TMS-derivative of P 4, 

„LC,.0 M ,„BU,.NF THF soK.Uo„. A«e.s«^ .=r 30 n,i„. me ^'^'J^^jZ 
«s», »»< dlea over sodium su^ Tn. soK-eo. was „mo.eO, «ed tor«*mn 
Z^. S»^ge, ,20 ...was pacKedw^^ao % em„ ac«a« , CH,a.. 
„«, 20 - 40 %emyl acetate /CH.CI,. Tl^ tractions conlainin, the «««scent<»npoundwe« 
oon*inad and co-Kentrated to dryness to aftord 0.32 ^ (76.7 %) of Ht. pure P 4. 
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Other conductive oligomers with R groups are depicted in Figure 17. which were made using the 
techniques outlined herein. 

Example 4 

Synthesis of a nucleoside with a metaiiocene second electron transfer 
moiety attached via a ribose 

Synthesis of 5*-0-DMT-2'-deoxy-2Hferrocenecarbonyl)amtno Uridine (UAF): To a solution of 2.5 
gm(10.9 mmol) of ferrocene monocarboxylic acid in 350 mL of dichloromethane were added 2.25 gm 
(10.9 mmol) of DCC and 1.27 gm (10.9 mmoi) of N-hydroxysuccinimide. The reaction tnixture was 
stin-ed for 3 h and the precipitate was fomned. The precipitate was filtered off and washed once with 
dichloromethane. The combined filtrate was added into 4.5 gm (8.25 mmol) of 2'-deoxy-2*-amino-5*-0- 
DMT uridine, followed by adding 2 mL of triethylamine. The reaction mixture was stin-ed at room 
temperature for 8 days. After removing the solvent, the residue was dissolved in dichloromethane for 
separation. Silica gel (120 gm) was packed with 1 % TEA / 2 % CH3OH / CHjCI^. After loading the 
sample solution, the column was eluted with 2-7 % CH3OH/I % TEA / CH2CI2. The fraction was 
identified by TLC(CH30H : CHjClj =1:9) and pooled and concentrated to dryness to afford 1.3 
gm(22.0 %) of the title compound. 

Synthesis of UAF Phosphoramidite: 

Preparation of OiisopropylaminochiOFO(P-cyano)ethoxyphosphine: To a solution of 0.54 mL(4.0 
mmoi) of dichloro(p-cyano)ethoxyphosphine in 40 mL of dichloromethane cooled in an ice-water bath 
was added 10 mL of diisopropylethylamine. followed by adding 0.64 mL (4.0 mmol) of 
diisopropylamine under Argon. The reaction mixture was warmed up to room temperature and stirred 
for 2 h. After adding 0.1 gm of OMAR into the solution, the reaction mbcture Is ready for the next step 
reaction. 

Preparation of UAF phosphoramidite: To a solution of 1,30 gm (1 .72 mmol) of S'-O-DMT-S- 
ferrocenylacetylenyW-deoxy uridine in 40 mL of dichloromethane cooled in an ice-water bath was 
added 10 mL of diisopropylethylamine. The prepared phosphine solution was transferred into the 
nucleoside solution through a syringe. The reaction mixture was warmed up to room temperature and 
stirred overnight The solution was diluted by adding 100 mL of dichloronrtethane and washed once 
with 200 mL od 5 % aqueous NaHCO) solution, and once with the brine (200 mL) and dried over 
NazSO^ and concentrated to dryness. Silica gel(47 gm) was packed with 2 % TEA/1 % 
CH3OH/CH2CI2. The residue was dissolved in 10 mL of dichloromethane and loaded. The column 
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CH,C... The fractions were pooled and concentrated to g.ve 0.5 gm (30.3 /o)ofth 

^ .^nH electron transfer moieties were incorporated 

incorporated by reference. 

Example 5 

synthesis of a nucleoside with a metallocene second electron transfer 
moiety attached via the t>ase 

solvents in vacuo, the residue was oisso overnight. After 

removing the sdvenl. the residue vrasaissoiv ™ i ml dried over sodium sulfate. 

.^apueousNaHCO.,2x200mU..«tc.w»t«eb.he (2 X 200 mMat-^o 

The scvent was ren^ved and the res«.-»as .eA^„,c,. 

mL o. dichioromethane to, column ,«K«.ion. Sa«a ge. <«^"««^^ ofl % TEA« % 
Mer.oadin,theon.d.P«d.«.soK«,on.«c...™.w»-u«dw«,^^^ 

The(ractlonswefBk^enllliedt.y•^.C(CH.OH.CH^^-10.90)a i«~ 
dryness to give 716 gm (71.3 %) of the tiUe compound. 

synthesis of UBFPhoephoramldlto: ^^i„.. to a solution of 1.9 mm3.8 

^ of dich.o,o<^c«»)«hoxyphosphine in 40 m. o, "^^^^^ „, 

«as added 10 mL of d«s.p«»yleth,lan.ne, fonowed i>y adding 2^3 "^Lr^ture and sH-^d 

<,»,op,op,.».neund.«gor,Thereac^nm^r.v«s^up^m»m^^ 

,o,2h. After adding 0.1 gm 01 DMAP into the solut«»>. the teact.onm«tu.= .s read, 



reaction. 
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Preparation of UBF phosphoramidite: To a solution of 3.42 gm (4.63 mmol) of 5'-0-DMT-5- 
fefTocenylacetylenyl-2'-deoxy uridine in 40 mL of dichloronnethane cooled in an ice-water bath was 
added 10 mL of diisopropylethylamine. The prepared phosphine solution was transferred into the 
nucleoside solution through a syringe. The reaction niixture was warmed up to room temperature and 
5 stirred overnight. The solution was diluted by adding 150 mL of dichloromethane and washed once 
with 200 mL of 5 % aqueous NaHCOj solution, and once with the brine (200 mL) and dried over 
NajSO^ and concentrated to dryness. Silica gel(92 gm) was packed with 2 % TEA/1 % 
CHaOH/CHjClj. The residue was dissolved in 10 mL of dichloromethane and loaded. The column 
was eluted with 500 mL of 1 % TEA;2 % CHaOH/CHjCJj. The fractions were pooled and concentrated 
10 to give 3.0 gm (69.0 %) of the title compound. 

Nucleotides containing conductive oligomers and second electron transfer moieties were incorporated 
into nucleic acids using standard nucleic acid synthesis techniques; see "Oligonucleotides and 
Analogs. A Practical Approach", Ed. By F. Eckstein, Oxford University Press. 1991. hereby 
IS incorporated by reference. 



Using the above techniques, and standard nucleic acid synthesis, the uridine with the phenyl- 
acetylene conductive polymer of Example 1 was incorporated at the 3* position to form the following 
nucleic acid: ACCATGGACTCAGCU-conductive polymer of Example 1 (hereinafter "wire-1"). 



16*Bromohexadecanoic acid. 16-Bromohexadecanoic acid was prepared by refluxing for 46 hrs 5.0 
gr (18.35 mnrK>le) of 16-hydroxyhexadecanoic acid in 24 ml of 1:1 v/v mixture of HBr (48% aqueous 
solution) and gtadal acetic acid. Upon cooling, crude product was soitdified inside the reaction vessel. 
It was filtered out and washed with 3x100 ml of cold water. Material was purified by recrystalizatton 
from n-hexane, filtered out and dried on high vacuum. 6. 1 gr (99% yield) of the desired product were 
obtained. 



Example 6 

Synthesis of an electrode containing nucleic acids containing 
conductive oligomers with a monolayer of (CHj),^ 



20 



25 



HS-(CH2)16-OH (herein '•insulator-2") was made as follows. 



35 



16-Mercaptohexadecanoic acid. Under inert atmosphere 2.0 gr of sodium metal suspension (40% in 
mineral oil) were slowly added to 100 ml of dry methanol at O^C. At the end of the addition reaction 
mbcture was stin-ed for 10 min at RT and 1,75 ml (21.58 mmole) of thioacetic acid were added. After 
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!ZLx3d~3noic acid were added. The resu«ed mixture was n....«J for 15 h«. .«er which 
rr^.^ and ao o, degassed , 0 M NaOH a-uecs ,0^ ^ 
^ .or 3 hr, re<,„i.ed for reacSon compieUon. Re-ed reac^n mi«ure wa. coo^ «. bath 
X red. ^.h s«ng. ,n.o a vesse, cch^ning 200 o.^ w,«r. TOs ^ was ««edj= 

1.0 M HCi and ex«c«d wiU, 300 c.e«»r. The or^ante ^waa ^J"^^ 
3x150 L Of water. 150 m o. saturated NaC, a<,u«x,s soMion and dried over sodium suHate After 
nCether malar., was pudfied .ecstatUat^ ..on, „-h.xane..«te.n, out and d,^ o«r 
high vacuum. 5. 1 gr (97% yield) of the desired product was obtained. 

«..™noh..«.«=.n.1^. Und« ^er. atmosphe-e 10 m, o, BH..TH. complex ,1.0 " ™^ 
^ added to 30 m, THF soU^lon o, 2.15 9r ,6..1 mmc«> o. '^'^'"^'f^^'l^ 
Reaction rrWum was st^ at «is temperature tor 2 .« then addi«ona, 1 hr a, RT Aner ,h« 
mixture was poured. With s«r,«9.in.oavesse. containing 200 ^0. ice-satu-ated 

::urrit.a,ueouss.^n.C.an.compoundswereextrac,edv.h3^^^^^^ 
ether .actions were combined and dned over sodium sulfate. A«er removal of ether matena was 
lo^ed ^ mu-imum an-unt of d^oromethane and punf^ b, s„ica gei chromat^raphy ,100 * 
didoronethane as e»,ent). 1 .92 gr (93% yie«) o. the desired product we^ obtained. 

,Mto,CD»h.x.d«:an.1-o.. Under inert atmosphere 365 mg of sodium metal susp«»ion ,40% in 
rriH^tl dropwise to 20 ml of dry me.ano.a.O-C. A,.-com.e*nof addi^onthe 
ZL lure was s»rred .r ,0 m. at «T ..^ by addHlon o. 0.« m, . 
thioace^c acid. After addi«ona, 10 min o. stirr^ 3 m, degassed methane "^'^^ ^ 
mmo., o, le-bromohexadecan-l ^ were added. The resuned mixture «, re^-- - ^ 
alK^wed .0 cool to RT and 20 m, o. de,ass«. 1.0 M NaOH a*«ous soU»on were '^J^ 
Ltion comp.^ reoulred addl^ona. 3 hr Of re^. R.su»ed react-n m».« -2:^:22 to 
h«h and poured, with S*rtn9. into a vess- con,a^«9 200 ml of «. «.er. ^J"^ ^ 
pH=7 oy 1.0 M HCt and extract*. wi«. 300 ml of et.»r. The organic «,er was ^"^^^ 
LiSoLwater 1 50 ml of saturated N.CIa,u«»,s solution and dned over sodium suHate. After 

rrnrr:^»-w3Sd.sao...dinn«num,mo„ntofd^rome.haneandpu.^^^^^ 
chrom^tcgraph, ,l0O%didoromethanease,uent,.600 mg ,70% yle«) of the des^d product were 
Obtained. 

A cl«»i 9.« covered microscope slide was «cuha.ed in a solution containing 100 
rct.ioOHin«h,no.atroomten^r3ture.0r4hou,s. The encode was ««n nnsed throu^ity 
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with ethanoi and dried. 20-30 microliters of wire-1 solution (1 micromolar in 1XSSC buffer at pH 7.5) 
was applied to the electrode in a round droplet. The electrode was incubated at room temperature for 
4 hours in a moist chamber to minimize evaporation. The wire-1 solution was then removed from the 
electrode and the electrode was immersed in 1XSSC buffer followed by 4 rinses with 1XSSC. The 
electrode was then stored at room temperature for up to 2 days in 1XSSC. 

Alternatively, and preferably, either a "two-step" or "three-step" process is used. The *two-step" 
procedure is as follows. The wire-1 compound, in water at - 5-10 micromolar concentration, was 
exposed to a clean gold surface and incubated for 24 hrs. It was rinsed well with water and then 
ethanoi. The gold was then exposed to a solution of - 100 micronnolar insulator thiol in ethanoi for - 
12 hrs, and rinsed well. Hybridization was done with complement for over 3 hrs. Generally, the 
hybridization solution was warmed to 50**C, then cooled in order to enhance hybridization. 

The "three-step" procedure uses the same concentrations and solvents as above. The clean gold 
electrode was incubated in insulator solution for - 1 hr and rinsed. This procedure presumably results 
in an incomplete monolayer, which has areas of unreacted gold. The slide was then incubated with 
wire-1 solution for over 24 hrs (generally, the longer the tjetter). This wire-1 still had the ethyt-pyridine 
protecting group on it. The wire-1 solution was 5% NH40H. 15% ethanoi in water This removed the 
protecting group from the wire and allowed it to bind to the gold (an in situ deprotection). The slide 
was then incut>ated In insulator again for ^ 12 hrs. and hybridized as above. 

In general, a variety of solvent can be used including water, ethanoi. acetonitrile, buffer, mixtures etc. 
Also, the input of energy such as heat or sonication appears to speed up all of the deposition 
processes, although it may not be necessary. Also, it seems that longer incubation periods for both 
steps, for example as long as a week, the better the results. 

Hybridization efficiency was determined using complementary and noncomplementary 15 mers 
corresponding to the wire-1 sequence. The electrodes were incubated with 50 microliters of each of 
the labelled non-complementary (herein "AS") or complementary (herein "SS") target sequences 
applied over the entire electrode in 1XSSC as depicted in Table 1. The electrodes were then 
incubated for 1-2 hours at room temperature in a moist chamber, and rinsed as described above. The 
amount of radiolabelled DNA was measured for each electrode in a scintltation counter, and the 
electrodes were dried and exposed to X-ray film for 4 hours. 
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Table 1 



hybridized with: 


total ^^P counts 
added 


counts 
hybridized to 
surface 


AS 20% specific activity. DNA 
concentration 1 nM. 1 hour incubation 


46.446 


152 


S5 30% specific activity. DNA 
concentration 1 nM, 1 hour incubation 


39.166 


10.484 
(27% hybridized) 


A5 14% specific activity. DNA 
concentration 5 nM. 2 hour incubation 


182.020 


172 


S5 20% specific' activity. ONA 
concentration 5 nM. 2 hour incubation 


96.284 


60.908 
(63% hybridized) 



Example 7 

synthesis of compositions containing ferrocene linked to an electrode 

,t has been shown in the literature that cyclic voltametry. and other DC techniques, can be used to 
<^rnnte t^erectron transfer rate of surface bound molecules. SuKace bound molecules shouK. 
— rysyn.trico.da.onandreduction^^^^^^ 
sufficiently slow. As the scan rate « increased, these peaks are sj^itap 

split even more. 

«. ,e« ^ co^ o. « conduct » co^-ed U. . 

electrode (he^ln ^^2") «as made as toll<»«. as <>epic^ 
S.,^.o,cc™ou....asas»^..^^^^^^ 
,o.„.™.,o,c.,™.~^ii"^.-^^^^^^^ 

under inert atmosphere and heatea lor nr* «« w«r«mothane The 

V3cuumand™««edcnx«™s«o.wa.d.sso,vedinm«a,™un.o.d«««^^ 

de.«d cocTPCund was pud»». .y s.ca ,e, cH,on«»9rap«, ,50% em,. a»«e > 50 A 
dK««>m«hane as eluen.). 3.2 gr (90% yfld) of «» ^ pnOuc. were obttmed. 
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Compound #12. To 200 mg (0.32 mmole) of suspension of MG#1 in 200 ml of acetone (sonication was 
applied in order to get better results) 3 ml of Mel were added and the reaction mixture was stin-ed for 
20 hrs at RT. After that time volume of the resulted solution was reduced by rotovap evaporation to 50 
ml and then 400 ml of n-hexane were added. Formed precipitate was filtered out, washed with 3x200 
ml of n-hexane and dried on high vacuum. Quantitative yield of the desired compound was obtained. 

Compound #13. To 100 mg (0.13 mmole) of suspension of MG#2 m 200 ml of acetone (sonication was 
applied in order to get better results) 10 ml of triethyl amine were added and the reaction mixture was 
stin-ed for 20 hrs at RT. After that time volume of the resulted solution was reduced by rotovap 
evaporation to 50 ml and then 400 mi of n-hexane were added. Fomned precipitate was filtered out. 
washed with 3x200 ml of n-hexane and dried on high vacuum. The desired compound was extracted 
from this precipitate with 3x50 ml of THF. Evaporation of the THF fractions gave 35 mg (52%) of the 
compound #1 3. This was then added to a gold electrode as known in the art. 

HS-(CH2)15NHCO-Fc (herein "insulator-1 ") was made as described in Ward etal.. Anal. Chem. 
66:3164-3172 (1994). hereby incorporated by reference (note: the Figure 1 data has been shown to be 
incorrect, although the synthesis of the molecule is correct). 

Monolayers of each were made as follows. Insulator Gold covered microscope slides were immersed 
in a mixture of insulator-1 and HS-(CH2)l5-OH (insulator-2) in neat ethanol. lnsulator-2 molecule is 
added to the mixture to prevent the local concentration of ferrocene at any position from being too 
high, resulting in interactions between the ferrocene molecules. The final solution was 0.1 mM 
insulator-1 and 0.9 mM insulator-2. The mixture was sonicated and heated (60-80"C) for 1-10 hours. 
The electrodes were rinsed thoroughly with ethanol. water and ethanol. The electrodes were 
immersed in a 1 mM thiol solution in neat ethanol and let stand at room temperahjre lor 2-60 hours. 
The electrodes were then rinsed again. This procedure resulted in 1-10% coverage of insulator-1 as 
compared to calculated values of close packed ferrocene motecules on a surface. More or less 
coverage couM easily be obteined by altering the mixture concentratton and/or incubation times. 

yVfiCSS: The same procedure was followed as above, except that the second step coating required 
between 10 and 60 hours, with approximately 24 hours being preferable. This resulted in tower 
coverages, with between 0.1 and 3% occurring. 

Cyclic voltametiy was run at 3 scan speeds for each compound: iV/sec. 10 V/ec, and 50 V/sec. Even 
at 1 V/sec. significant splitting occurs with insulator-1. with roughly 50 mV splitting occuring. At higher 
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speeds, the splitting increases. Wth wire-2. however, perfectly symmetrical peaks are observed at 
the lower speeds, with only slight splitting occurring at 50 V/sec. 

It Should be noted that despite a significant difference in electron transfer rate, electron transfer does 
still occur even in poorly conducting oligomers such as (CH,),s. traditionaliy called 'insulators". Thus 
the terms "conductive oligomer" and "insulator" are somewhat relative. 

Example 8 

Synthesis and analysis of nucleic acid with both a conductive 
oligomer and a second electron transfer moiety 

The foltowing nucleic acid composition was made using the techniques above: S'- 
ACCATGGAC{UBFlCAGCU-conductive polymer (Structure 5 type, as outlined above) herein -w.re-3". 
with UBF made as described above. Thus, the second electron transfer moiety, ferrocene, is on the 
sixth base from the conductive oligomer. 

Mixed monolayers of wire-3 and insulator-2 were constructed using the techniques outlined above. 
The compositions were analyzed in 0.2 M NaCIO. in water using cyclic voltametnr (CV) and square 
wave voltametry (SW). in the absence (i.e. single stranded) and presence (i.e. double stranded) of 
complementary target sequence. 

The results of SW show the absence of a peak prior to hybridization, i.e. in the absence of double 
stranded nuclete acid. In the presence of the complementary target sequence, a peak at -240 mV. 

corresponding to ferrocene, was seen. 

A mediator as described herein was also used. 6 mM ferricyanide (Fe(CN)e) was added to the 
solution. Ferricyanide shouW produce a peak at 170 mV in a SW experiment. However, no peak at 
170 mV was observed, but the peak at 240 mV was greatly enhanced as compared to the absence of 
ferricyanide. 

Alternatively. CV was done. No peaks were observed in the absence of target sequence. Once 
again the chip was incubated with perfectiy complimentary nucleic acid in order to hybndize the 
surface nucleic acid. Again, the chip was scanned under the same conditions. An increased signal 
was Observed. Finally, the chip was soakeo .n buffer at 70-C in order to melt the compliment off the 
surface Previous experiments with radioactive probes have shown that IS^rs hybridized on a very 
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similar surface melted at approximately 45*C. Repeating the scan after the heat treatment shows a 
reduced signal, as in the first scan prior to hybridization. 

Example 9 
AC detection methods 

Electrodes containing four different compositions of the invention were made and used in AC detection 
methods. In general, all the electrodes were made by mixing a ratio of insutator-2 with the sample as 
is generally outlined above. 

Sample 1, labeled herein as "Fc-alkane". contained a mixed monolayer of insulator-2 and insutator->1. 
Sample 2. labeled herein as *'Fc-amido-alkane\ contained a mixed monolayer of insulator-2 and a 
derivative of insulator-1 which has an amido attachment of the ferrocene to the alkane. Sample 3. 
labeled herein as -Pc-wire". contained a mixed monolayer of insulator-2 and wire-2. Sample 4 was the 
same as Sample 3. with the exception that a new in situ deprotection step was used, described below. 
Sample 5. labeled herein as "ssDNA" (AGCTGA6TCCA(UBF)GGU-conductive oligomer), contained a 
mixed monolayer of insulator-2 and wire-3. Sample 6, labeled herein as "dsDNA", contained a mixed 
monolayer of insulator-2 and wtre-3. wherein the complement of wire-3 was hybridized to form a 
double stranded wire-3. Sample 7 was a solution of ferrocene in solution. As is shown herein, the rate 
of electron transfer, from fast to slower, is as follows: Sample 3 > Sample 6 > Sample 1 > Sample 2 > 
Sample 5. Generally. Sample 1 models ssONA. and Sample 3 models dsDNA. 

The experiments were run as fotlovifs. A DC offset voltage between the working (sample) electrode 
and the reference electrode was swept through the electrochemk:al potential of the ferrocene, typically 
from 0 to 500 mV. On top of the DC offset an AC signal of variable amplitude and frequency was 
applied. The AC current at the excitation frequency was plotted versus the DC offset. 

Figure 8 depicts an experiment with Sample 1, at 200 mV AC amplitude and frequencies of 1. 5 and 
100 Hz. Sample 1 responds at all three frequencies, and higher currents result from higher 
frequencies, which is simply a result of more electrons per second fe>eing donated by the ferrocene at 
higher frequencies. The faster the rate, the higher the frequency response, and the better the 
detection limit. Figure 9 shows overiaid AC voltammograms of an electrode coated with Sample 3. 
Four excitation frequencies were applied: 10 Hz, 100 Hz, 1 kHz. 10 kHz. all at 25 mV overpotential. 
Figure 10. shows the frequency response of samples 1. 2 and 3 by measuring the peak currents vs. 
frequency. Sample 3 response to increasing frequencies through 10 kHz (the detector system limit), 
while Sample 1 k>se its responses at between 20 and 200 Hz. Thus, to discriminate between Sample 
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ploned as a luncoon of L me graph was nom«li«. <o show both, The 

r::rr:::rra:ri^ 

13B show that the overp ^^^uence can be used to minimize the slower spec.es 

:=:rp:srrrrrr:^-----»-- 

species for calibration and quantification. 

to diffusion that is easily aisxmg ^ ^ „h mni«iuies oarticular fast bound molecules 

«a, va^,n9 .reouehc,. signal »om "-""^ "^^^^^^^.^ ^ 
.uoh «. dsDNA. can be easily dlssnguisheo from an, s^«l gen«a»d b, co 
molecules in the sample. 

c ,.;,»,dl5Bshowsthephas.sha.««t«ultswi«.dl(hn»>tsamptes. Fig.™ ISA shows the 
sh«isno.,a^e.a«<,uencoah.«a,sbe*»,hdmatre«-«s.h.~ sh«»,m.phase. 

Example 10 

Synthesis of conductive oligomers attached via a base 
^ep.esen^.esvh.e.eaa^d.p^.d.^^'^---^ 

Oligomers. R groups are preferred to increase solubility. 



Example 11 

The use of trimethylsilylethyl protecting groups 



wo 98/20162 



PCT/US97/20014- 



-89- 

The use of an alternate protecting group for protection of the sulfur atom prior to attachment to the 
gold surface was explored. 




To 0.5 gm of molecular sieve (3 A) was added 3 ml of dry THF and 2.5 ml of 1.0 tetrabutylammonium 
fluoride. After stirring for 20 minutes. 100 mg of compound #1 was added under Argon. The reaction 
mixture was stirred for 1 hour and poured into 100 ml of 5% citric acid solution and the aqueous 
solution was shaken well and extracted twice with either (2 X 100 ml). The combined ether solution 
was dried over Na2S04 and concentrated. The residue was purified by column chromatography using 
10% CHsCls/Hexane as eluent. The purified product was analyzed by ^HNMR which should 50% of 
compound #2 and 50% of the corresponding disulfide. 

The use of this protecting group in synthesizing base-attached conductive oligomers is depicted in 
Figures 20 and 21 . 

Example 12 

Preparation of Peptide Nucleic Acids with Electron Transfer Moieties 

The synthesis of a peptide nucleic acid monomeric subunit with a conductive oligomer covalently 
attached to the o-carbon is depicted in Figure 31 . 

4-lodophenylalanine: Into a solution of 40.15 gm (0.243 mol) of phenylalanine in a mixture of 220 mL 
of acetic acid and 29 mL of concentrated H2SO4 was added 24.65 gm (0.097 mol) of powered iodine 
and 10. 18 gm(0.051 mol) of powered NalO, while stirring. The reaction mixture was stirred at 70 '^C 
for 21 h. during this time, two portions of 1 gm of Nal03 were added. The mixture was cooled and the 
acetic acid was removed by using rotavapor while temperature was maintained at 35*^0 and the 
residue oil was diluted by adding 400 mL of water. The aqueous solution was extracted once with 100 
mL ether and once with 100 of dichloromethane. After decolorization with 5 gm of Norit, the aqueous 
solution was neutralized by adding solid NaOH to precipitate the crude product, which, after chilling, 
was filtered and rinsed with 800 mL of water and 300 mL of ethanol. The wet product was 
recrystaliized from 200 mL of acetic acid to produce 37.5 gm of 4Hodo-L-phenylaianine. 
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Methyl 4-lodophenyl Alaninate Hydrochloride: To 10 mL of methanol cooled in an ice-water bath was 
added dropwise 10,2 gm of thionyl chloride. Into the cold solution was added 5.0 gm of 4- 
iodophenylalanine and the yellow solution was formed and refluxed for 2 h. After rennoving the 
solvent, the white solid was obtained and recrystallized from 10 mL of methanol by addition of 50 mL 
5 of ether The title product(5.4 gm) was prepared. 

Methyl N-AmidocarboxylethyM-lod<vhenyl Alaninate: To a solution of 5.0 gm (14.6 mmol) of methyl 4- 
iodophenylalaninate hydrochloride in 100 mL of acetonitrile was added 5 mL of triethylamine and 1.1 
gm (15.4 mmol) of acrylamide. The solution was stirred ovemight. After removing the solvent, the 
10 residue was dissolved in 200 mL of dichloromethane and the solution was washed once with 5 % 
NaHCOa solution and dried over sodium sulfiate. The product was purified by column separation. 

Methyl N-Aminoethyl-4-lodophenyl Alaninate: To a solution of 3.46 gm (8 nrmiol) of [1,1* 
bis(trifloroacetoxy)iodo]benzene in 24 mL of acetonitrile was added 12 mL of the glass-distilled water, 

15 followed adding 2.98 gm(8 mmol) of methyl N-amidocarboxylethyl aininate. The mixture was stirred 
for 6 h at rx)om temperature and diluted by 1 50 mL of water and 16 mL of concentrated HCI solution. 
The aqueous solution was extracted once with 150 mL of ether and concentrated to about one third of 
the original volume. The concentrated NaOH solution was used to adjust pH of the aqueous solution 
to greater than 12 and the basic water solution was extracted 6 times with CHjClj (6 x 200 mL). The 

20 combined extracts were dried over anhydrous sodium sulfate and concentrated to dryness and further 
dried over a high vacuum line and the product was used for next step without further purification. 

Methyl N*(2-Nitrobenzenesulfonyl)-4-lodophenyl Alaninate: To a two*necked flash was added 19.0 g 
(55.8 mmol) of methyl N-aminoethyM-iodophenyl alaninate and 600 mL of dry DMF. The resulting 

25 solution was cooled in an ice-water bath. Into the cold solution was added 20 mL of TEA, followed by 
adding 13.5 gm (60.9 mmol) of 2-nitrobenzenesulfonyl chloride portion by portion. The mixture was 
stirred at low temperature for 30 min. and warmed up to room temperature and stirred for another 4 h. 
The precipitate was formed and filtered off and washed once with DMF. After removing DMF on the 
high vacuum, the residue was dissolved in the 500 mL of dichloromethane. The organic solution was 

30 washed twice with the brine and dried ver Na2S04 and then concentrated. The residue was dissolved 
in a small amount of dichloromethane for the column purification. Silica gel (250 gm) was packed with 
CH2CL2. the sample solution was loaded and the column was eluted with CHjCLj. The fractk>ns were 
identified by TLC (CH2CI2 as developing solvent) and pooled and concentrated to afford 24.1 gm 
(88.1%) of the title compound. 



35 
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Methyl N-(2-MMT-aminoethyl)-N-(2-NitrobenzenesulfonylM-lodophenyl Alaninate: To a solution of 
16.5 gm (49.5 mmol) of 2-MMT-amino ethanol. 20.0 gm (40.8 mmol) of methyl N-{2- 
nitrobenzensulfonylMHOdophenyl alaninate and 13 gm (49.5 mmol) of trlphenylphosphine in 250 mL 
of dry THF cooled in an ice-water bath was added 7.8 mL (49.5 mmol) of diethyl azodicarboxylate 
5 under Argon. The solution was wamned up to room temperature and stirred overnight. After removing 
THF, the residue dissolved in the small amount of the CH2CI2 for column separation. TLC (CH2CI2: 
Hexane = 9:1) of the sample solution indicated two products. i.e.. the early spot is the desired product 
the later spot is triphenylphosphine oxide. Silica gel (300 gm) was packed with 1% TEA/hexane. The 
sample solution was loaded and the column was eluted with 500 mL of 1% TEA/hexane, 100 mL of 
10 1% TEA/25% CHjClj/hexane and 1000 mL of 1 % TEA/S0% CHjClj/hexane. The fractions were 

identified by TLC (CHjCtiHexane = 9:1). The fractions containing the pure early spot were pooled 
and concentrated to give 17 gm of the title compound. The overlapping fractions were pooled, 
concentrated and repurified to give another 3.0 gm of the title compound. The total yield is 62.0%. 

15 Methyl N-{2-M^4T-aminoethyl)-4-^odophenyl Alaninate: To a suspension of 17.0 gm (21 mmol) of 

methyl N-(2-MMT-aminoethyl)-N-(2nitrobenzenesulfonyl)-4-iodophenyl alaninate. 11,6 gm (84 mmol) 
of Potassium Carbonate in 150 mL of DMF was added 2.6 mL (25.8 mmol) of thiophenol under Argon. 
The reaction mixture was stired at room temperature for 1.3 h. and diluted by adding 1.2 L of the 
brine. The aqueous solution was extracted three times by ether (2x 500 mL) and the combined 

20 extracts was washed once with the diluted NaOH solution and dried over sodium sulfate. After the 

removal of the solvent the residue was used for column separation. Silica Gel (220 gm) was packed 
with 1% TEA/hexane. upon loading the sample solution, the column was eluted with 500 mL of 1% 
TEA/hexane. 1000 mL of 1% TEA/25% ether/hexane, and 1000 mL of 1% TEA/S0% ether/hexane. 
The fractions were identified by TLC (Ether.Hexane) and pooled and concentrated to afford 5.6 gm 

25 (43, 1 %) of the title product 

Methyl N^2-MMT^minoethyl)-N4(Thymin-1-yl)acetylH-lodcphenyl Alaninate: To a solution of 3.37 g 
(5.43 mmol) of methyl N-(2-MMT^minoethyl)-4.iodophenyl alaninate in DWIF (10 mL) was added 3.4- 
Dihydro-3-hydroxy-4-oxo-1,2.3-benzotriazine (.884 g. 5.43 mmol) and 4^thylmorpholine (1.38 mL. 

30 1 0.86 mmol). A solution of thymine acetic acid (1 .00 g, 5.43 mmol) in DMF (10 mL) was then added, 
followed by N,N'-diisopropylcarbodiimide (1 mL. 6.5 mmol). The reaction mixture was left stimng 
overnight at room temperature for 20.5 h. The solvent was removed in vacuo. The residue was 
dissolved in 600 mL of CH2CI2 and the solution was washed with twice with 500 mL of water and once 
with 500 mL of brine and dried in NajSO^. After the removal of the solvent, the crude residue was 

35 dissolved in --1 OmL of CHjClj for column separation. Silica gel ( 1 35 gm) was packed with 1 % 

TEA/CH2CI2, upon loading the sample solution, and the column was eluted with 1% TEA/CHjClj. The 
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fractions were identified by TLC (CH,CI,:CH,OH=95:5). The fractions containing the desired product 
were pooled and concentrated to dryness. The solid product was dissolved in minimum amount of 
EtOAc and left in the freezer to precipitate out n.n'diisopropylurea. The precipitate was filtered and the 
filtrate was concentrated to afford 3.56 g (83.3%) of the title compound. 

N-(2-MMT-aminoethyl)N-KThymin-1-yl)acetyn-4-lodophenyl Alaninate: 3.5 g (4.45 mmol) of methyl N- 
(2-MMT-aminoethyl)-N((thymin-1-yl)acetylH-iodophhenyl alaninate was dissolved in dioxane (20 mL) 
and water (4 mL). The solution was cooled to O'C and 1 M NaOH was added dropwise until the 
PH=12. After 1 h.. the reaction mixture was warmed to room temperature and more 1 M NaOH was 
added and the pH remained at 12. The reaction was monitored by TLC (CHjCtCH,OH=95:5). After 
the hydrolysis was complete, the pH of the reaction mixture was adjuste^l -to 5 with 2 M KHSO,. Then 
it was diluted by adding 300 mL of CH,CI.. The organic layer was separated and the aqueous layer 
was extracted twice with 250 mL of CH,Ci,. The combined organic extracts were dried over Na2S04 
and concentrated. The residue was dissolved in minimum amount of CH,CI, for column purification. 
Silica gel (52 gm) was packed with 1% TEA«% CH,OH/CH,CI,. after loading the sample, the column 
was elute with 700 mL of 1% TEAC%CH,OH«;h,C1, and 1 L of 1% TEA/5% CH30H/CH,C1, The 
fractions were identified by TLC (CH,CI,:CH,OH=95:5). The removal of the fractions containing the 
desired product gave 2.9 g(84.6%) of the title compound. 

PNA-Backbone-W.re: A mixture of lg (1 .29 mmol) of N-(2-MMT-aminoethyl)-N-l(thymin-1-yl)acetyn^ 
iodophenyl alaninate. 0.5 g (1 .29 mmol) of trimethyl silyl ethyl protected 3-unit wire. 44.6 mg (0.077 
mmol) of Pd(dba)j. 91 .6 mg (0.349 mmol) of triphenylphosphine. and 44.6 mg (0.17 mmol) of copper 
(I) iodide 120 mL of DMF and 62 mL of pyrrolidine was degassed well and stirred at 60-C for 5h. The 
solvent was removed and the residue was dissolved in 250 mL of CH,CI, and 200 mL of saturated 
EDTA solution. This mixture was stirred for 30 min. The organic layer was separated., dried over 
sodium sulfate and concentrated. The crude product was dissolved in minimum CH^CI, for column 
separation. Silica gel (22 gm) was packed with 1% TEA/CH^CI,. upon loading the sample solution, the 
column was eluted with 1L of 1% TEA«%CH,OHA:h,CI, and 1% TEA/5% CH30H/CH,CI, until 
finishing the separation. The fractfons were identified by TLC (CH,CI,:CH,OH=95.5). The right 
fractions were combined and concentrated to afford 0.55 g of yellow-orange solid, which was 
dissolved in 150 mL of CH,CI, and diluted by adding 50 mL of water and 50 mL of 10% 
tetrabutylamine hydroxide. The mixture was placed in a separatory funnel and shaken for 5 min. The 
organic layer was separated and the aqueous layer was extracted once more with 50 mL of CH,CI, 
and the combined organic layer was dried in Na,SO,. The solvent was removed to afford 0.8 g (46.5% 
of the title product. 



wo 98/20162 



FCT/US97/20014 - — 



-93- 
Example 13 

Preparation of Peptide Nucleic Acids with Electron Transfer Moieties 

The synthesis of a peptide nucleic acid monomeric subunit with a ferrocene electron transfer moiety 
5 covalently attached to the base is depicted in Figure 32. 

Synthesis of Y1 : 5-lodo uracil (100.0 gm) was suspended in 250 ml of dry DMF. 1.68 gms of sodium 
hydride was added in portions. The reaction mixture was then stirred at room temperature for 40 
minutes. Then 6.16 ml of t-butyl bromoacetate ws added and the reaction mixture was stirred for an 
10 additional two hours at room temperature. The reaciton mixture was quenched with 5 ml of methanol 
containing CO^. The solvent was then removed and the residue was dissolved in dichioromethane 
and washed with water. The precipitate was fonned during the wash and then filtered and dried. The 
reaction yielded 9.33 g of product Y1. 

15 Synthesis of Y2: To a solution of 6.33 g of Y1 in 140 ml of dichioromethane was added 35 ml of 
triethylamine. 0.55 g of 4-dimethylaminopyridine, and 5.89 g of 2-mesitylenesulfonyl chloride. The 
reaction mixture was stirred for 40 minutes and then 0.40 g of 1 .4-dtazobicyclo{2,2,2] octane and 4.34 
ml of 2,4-dimethylphenol were added and stirred for 2 hours. The reaction mixture was then diluted by 
adding 200 nnl of dichioromethane artd the solution was washed with a 5% sodium bicarbonate 

20 solution, dried over sodium sulfate and concentrated. The residue was dissolved in 5 ml of 

dichioromethane and loaded onto a 200 g silica gel column packed with dichioromethane. The column 
was eluted with 1-5% methanol/dichtoromethane. The fractions containing the diesired product was 
pooled and concentrated to give 2.5 g of Y2. 

25 Synthesis of Y3: A mixture of 2.5 g of Y2. 1.38 g of ferrocene acetylene. 200 mg of Pd(pph3}Cl2 and 
208 mg of copper iodide in 100 ml of dimehtylfbrmamide (DMF) and 100 ml of triethylamine was 
degassed well and stirred at 55X for 2 hours. Upon removing soh/ent the residue was dissolved in 
dichioromethane and the solution was washed with a 5% sodium bicarbonate solution, dried over 
sodium sulfate and concentrated. The crude residue was dissolved in 5 ml of dichioromethane and 

30 loaded onto a 200 g silica gel column packed with dichioromethane. The column was eluted with 2- 
5% methanol/CH2Ci2. The right fractions were pooled and evaporated to yield 2.98 g of Y3. 

Synthesis of Y4: To a solution of 2.50 g of Y3 in 40 ml of dichioromethane cooled in an ice bath was 
added 7.1 mi of trimethytsilane. followed by adding 17.5 mi of trifluoroacetic acid. The resulting 
35 reaction mixture was warmed to room temperature after 5 min of stirring at the same temperature The 
reaction mixture was stirred at room temp for 7.5 hours. The solvent was removed. The residue was 
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dissolved in 5 ml of dichloromethane and loaded onto a column containing 25 g of silica gel packed 
withdichloromethane. The column was eluted with 0-2. 5% methanol/CH^CI,. The fractions were 
pooled and evaporated to yield 2. 1 8 g of Y4. 

Synthesis of Y5: 0.98 g of methyl N-{2-MMT-aminoethyl) glycinate was dissolved in 7 ml of 
dimethylformaide (DMF). To this solution was added 0.329 g of 3.4-dihydro.3-hydorxy-»-oxo- 1.2.3- 
benzotriazine and 0.51 ml of 4^thylmorpholine. A solution of 1 .0 g of Y4 in 7 ml of DMF was added to 
the reaction mixture, followed by adding 0.38 ml of N.N'-diisopropylcarbodiimide. The reaction was 
stirred at room temperature for 20 hours. The solvent was then removed and the residue was 
dissolved in dichloromethane. The solution was washed with a saturated sodium chloride solution, 
and dried over sodium sulfate. The solvent was evaporated to about 5 mllbr column chromatography. 
The crude mixture was loaded onto a 20 g silica gel column packed with 1% TEA/CH,CI,. The column 
was eluted with 0-2% methanol/1 %TEAK;H,CI,. Evaporation of the solvent afforded 0.97 g of Y5. 

Synthesis of Y6: 0.97 g of Y5 was dissolved in 10ml of dioxane and 2mi water. The pH of the 
mixture was adjusted to 11 with 1M NaOH. The reaction was stirred for two hours at OX. The 
hydrolysis reaction was monitored by TLC (CH,OH:CHjCb). Upon the completeness of the hydrolysis, 
the pH of the mixture was adjusted to 5 with 2M potassium hydrogen sulfate. The mixture was 
extracted three times with CH,CI, (3 X 200 ml) and the combined extracts dried over sodium sulfate. 
The solution was evaporated to about 5 ml for column chronrratography. Silica gel (20 gm) was 
packed with 1% triehtylamine in dichloromethane. The sample solution was loaded and the column 
was eluted «rith a 5-10% methanol./l% TEA/dichtoromethane. The fractions containing the right 
product was pooled, evaporated and co^aporated with pyridine and toluene in order to remove the 
triehthylamine to give 0.8 g of Y6. 

Synthesis of Y7: To a solution of 0.8 g of Y6 in 80 ml of acetonitrile was added 0.61 g of 2- 
mitrobenzaldoxime and 0.37 g of 1 .1.3.3-tetramethyl9uandine. The resulting solution was stirred at 
room temperature for 6 hours. The solvent v«s removed. The residue was dissolved in 
dichloromethane and washed with a saturated NaCi solution. Silica gel (20 g) was packed with 1% 
triehtylamine in dichloromethane. The cnjde resWue was dissolved in 5 ml of dichloromethane and 
kjaded onto the column. The column was eluted with 0-5% methanol/1 %TEA/CH,Cl,. The fractions 
containing the product were pooled and concentrated to give 150 mg of product. The product v^s 
then dissolved in 100 ml of dichtoromethane. The solution was washed with 10 ml of water and 1 0 ml 
of 10% tetrabutylammonium hydroxide. The organic layer was separated and dried over sodium 
sulfote and evaporated to give 200 mg of Y7. 
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CLAIMS 



We claim: 

1 . A composition comprising: 

a) a first electron transfer moiety comprising an electrode; 

b) a first single stranded nucleic acid; 

c) a second electron transfer moiety covalently attached to said first nucleic acid; and 

d) a conductive oligomer covalently attached to both said electrode and said first nucleic add. 

2. A composition comprising: 

a) a first electron transfer moiety comprising an electrode; 

b) a first single stranded nucleic acid; 

c) a conductive oligomer covalently attached to both said electrode and said first nucleic acid; 
and 

d) a second electron transfer moiety covalently attached to a second single stranded nucleic 
acid. 

3. A composition according to claim 1 or 2 wherein said conductive oligomer has the formula: 



wherein 
Y is an aromatic group; 
n is an integer from 1 to 50; 
g is either 1 or zero; 
e is an integer ft-om zero to I0;and 
m is zero or 1 ; 

wherein when g is 1. 8-0 is a conjugated bond; and 

wherein when g is zero, e is 1 and D is preferably carbonyl. or a heteroatom moiety, wherein the 
heteroatom is selected from oxygen, sulfur, nitrogen, silicon or phosphorus. 

4. A composition according to claim 1 or 2 wherein said conductive oligomer has the formula: 




wherein 




n is an integer from 1 to 50; 
m is Dor 1; 



C is carbon; 
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J is camony. or a heteroatom moeity. wherein the heteroatom is selected from the group consisting of 

oxygen, nitrogen, silicon, phosphorus, sulfur, and 

G is a bond selected from alkane. alkene or acetylene. 

5. A composition according to daim 1. 2. 3 or 4 wherein said electrode further comprises a monolayer 
of passivation agent. 

6. A composition according to claim 1 . 2. 3. 4 or 5 wherein at least one of said nucleic acid is a nucleic 
acid analog. 

7. A composition according to claim 6 wherein said nudeic add analog is a peptide nucleic add. 

8. A composition according to claim 1 . 2. 3. 4. or 5 further comprising a hybridization indicator. 

9. A method Of deteding a target sequence in a nucleic add sample comprising^ 

a) applying a first input signal to a hybridization complex compns.ng sa.d target sequence, 
whid, if present, is f^ybridized to at least a first probe nudeic acid comorising a covalenth. 
attad^ed conduct^e oligomer which is also covalenUy attached to a first electron tranter 
rrroiet, comprising an electrode, wherein said hybrid.ation complex has a covalen«y attad^ed 
second electron transfer moiety; and 

W de.ec«n9 ete«oa uansfer be««en ««. .««od. and s«d «cond eKK«on «n,te, 
as an indication of the presence or al»aoce of said target sequence. 

10. A method accorting 10 daim 9 «*«ein said eooducti«o»gon« lias the fbrn»^ 

wherein 

Y is an aromatic group; 

n is an integer from 1 to 50: 

g is either 1 or zero; 

e is an integer from zero to 10;and 

m is zero or 1; 

wherein when g is 1. B-D is a conjugated tx)nd; and 

Wherein when g is zero, e is 1 and D is preferab^ carbonyl, or a heteroatom mo.ety. wherein 
the heteroatom is selected from oxygen, sulfur, nitrogen, silicon or phosphorus. 
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11. A method according to claim 9 wherein said conductive oligomer has the formula: 
wherein 

5 n IS an integer from 1 to 50; 

misOor 1; 
C is cartx}n; 

J is carbonyl or a heteroatom moeity. wherern the heteroatom is selected from the group 
consisting of oxygen, nitrogen, siiicon, phosphorus, sulfur; and 
10 G is a bond selected from alkane, alkene or acetylene. 

12. A method according to claim 9, 10 or 11 wherein said first input signal is selected from the group 
consisting of applied potential and photoacttvation. 

15 13, A method according to claim 9. 10, 11 or 12 wherein said first input signal comprises an AC 
component and a non-zero DC component 

14. A method according to claim 9. 10. 1 1. 12 or 13 wherein said first input signal compnses an AC 
component at a first frequency and a non-zero DC component, and said method further comprises 

20 applying a second input signal comprising an AC component at at least a second frequency and a 
non-zero DC component. 

15. A method according to claim 9. 10. 11, 12. 13 or 14 wherein said first input signal comprises an 
AC component and a first non-zero DC component and said method further comprises applying a 

25 second input signal comprising an AC component and a second non-zero DC component. 

16. A method according to daim 9. 10. 1 1 , 12. 13. 14 or 15 wherein said first input signal comprises 
an AC component at a fist voltage amplitude and said method further comprises applying a second 
input signal comprising an AC component at a second voltage amplitude. 

30 

1 7. A method according to claim 9. 1 0, 1 1 . 1 2. 1 3. 14. 1 5 or 16 wherein said input signal includes the 
use of a co-redoxant. 

18. A method according to claim 9. 10, 11, 12. 13, 14. 15. 16 or 17 wherein said input signal includes 
35 the use of a hytmdization indicator. 
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19 A method according to claim 9. 10. 1 1. 12. 13. 14. 15, 16, 17 orl8 wherein detecUon of electron 
transfer occurs by receiving an output signal characteristic of electron transfer through sad 
hybridization complex, and said output signal is selected from the group consisting of current, voltage, 
or phase shift between said input and said output signals. 

20 A method of making a composition according to claim 1. 2. 3. 4. 5. 6 7 or 8 comprising attaching a 
conductive oligomer to a nucleic acid, and attaching said conductive oligomer to said electrode, .n any 



order. 



21 . A composition comprising a conductive oligomer covalently attached to a nucleoside, wherein said 
conductive oligomer is selected from the group consisting of: 



i) 

wherein 



Y (S an aromatic group; 

n is an integer from 1 to 50; 

g is either 1 or zero; 

e is an integer from zero to 10;and 

mis zero or 1; 

wherein when g is 1, B-D is a conjugated bond; and 

wherein when g is zero, e is 1 and D is preferably carbonyl, or a heteroatom moiety, wherein 
the heteroatom is selected from oxygen, sulfur, nitrogen, silicon or phosphorus; or 

wherein 

n is an integer from 1 to 50; 
m isOor 1; 
C is cartKin; 

J is carbonyl or a heteroatom moeity. wherein the heteroatom is selected from the group 
consisting of oxygen, nitrogen, silicon, phosphoms. sulfur; and 

G IS a bond selected from alkane. alkene or acetylene, wherein if m = 0. at least one G .s not 
alkane. 



22. A composition comprising: 

a) a solid support comprising a nnonolayer of passivation agent; 
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b) a nucleic add comprising at least one nucleoside, wherein said nucleic acid is covalenUy 
attached to said solid support with a finker selected from the group selected from; 

Wherein 

Y is an aromatic group; 

n is an integer from 1 to 50; 

g is either 1 or zero; 

e is an integer from zero to 10;and 

m is zero or 1; 

wherein when g is 1. B-D is a conjugated bond; and 

wherein when g is zero, e is 1 and D is preferabiy carbonyl, or a heteroatom moiety, wherein 
the heteroatom is selected from oxygen, sulfur, nitrogen, silicon or phosphorus; and 



wherein 
n is an integer from 1 to 50; 
misOorl; 
C is carbon: 

J is carbonyl or a hetenaatom moeity. wherein the heteroatom is selected from the group 
consisting of oxygen, nitrogen, silicon, phosphorus, sulfur; and 

G is a bond selected from aikane. alkene or acetylene, wherein if m = 0, at least one G is not 
alkane. 

23. A composition according to claim 21 or 22 further comprising a hybridization indicator. 

24. A composition comprising: 

a) an electrode; 

b) at least one metallocene; and 

c) a conductive oligomer covaiently attached to both said electrode and said metallocene. 
wherein said conductive oligomer is selected from the group consisting of: 

i) 



wherein 
n is an integer from 1 to 50; 
misOor 1; 
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C is carbon; 

J is carbonyl or a heteroatom moeity. wherein the heteroatom is selected from the 
group consisting of oxygen, nitrogen, silicon, phosphorus, sulfur; and 
G is a bond selected from alkane. alkene or acetylene; and 



H) 



wherein 

Y is an aromatic group; 

n is an integer from 1 to 50; 

g is either 1 or zero; 

e is an integer from zero to 10:and 

mis zero or 1; 

wherein when g is 1. B-D is a conjugated k)ond; and 

wherein when g is zero, e is 1 and D is preferably carbonyl, or a heteroatom moiety, 
wherein the heteroatom is selected from oxygen, sulfur, nitrogen, silicon or 
phosphoms. 

25. A pepSd. nucteic add ««. a. «as. one chemical subs«.en, co«l.n«, adached « me 
Of a subunit of said peptide nucleic acid. 

26. Apep,idenucteicac««ma,«»ton.ch««c,..u««U«n.co«..nth,at«^^ 

subunit of said peptide nucleic add. 

27. Ap.p«enucteic«»dacoortingtoclalm26«klatlachn»mis«aba«o.sa^ 

26. A pepdd. nudeic acid «x<xdlng <o Calm 26 ..Id «Bchmani is «. «» bacKbon. o. said subun*. 
29. A coiTipoalWn accon<ing » c«n 25. 26. 27 or 26 wherein said chemicai subs«uen, is a lab... 
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